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LIQUID CRYSTAL DISPLAY USING FOUR COLOR AND PANEL 

FOR THE SAME 

(57) [Summary] 
[Object] 

This invention intends to provide a liquid crystal display having 
a high light efficiency. 
[Solving Means] 

This invention provides a liquid crystal display including a 
liquid crystal display panel comprising a red color filter 230R having 
red color pixel, a green color filter 230G having green color pixel, 
blue color filter 230B having blue color pixel and white color pixel 
(W) and a backlight unit 350 disposed on one side of the liquid crystal 
panel wherein light emitted from the backlight unit 350 has a color 
coordinate in which x ranges from 0.31 to 0.34 and y ranges from 0.32 
to 0.35. By displaying an image using the red, green, blue and white 
color pixels as one dot, light efficiency is entirely intensified. 
[Selected Diagram] FIG. 1 

[Scope of Claim for a Patent] 
[Claim 1] 

A liquid crystal display comprising: 

a liquid crystal display panel having red, green, blue and white 
color pixels; and a backlight unit disposed on one side of the liquid 
crystal display panel, wherein light emitted from the backlight unit 
has a color coordinate in which X ranges from 0.31 to 0.34 and y ranges 
from 0.32 to 0.35. 
[Claim 2] 

The liquid crystal display according to claim 1 wherein the liquid 
crystal display panel includes: 

a first insulating substrate; 

a thin film transistor formed on the first insulating substrate; 
a pixel electrode which is formed on the first insulating 
substrate and connected to the thin film transistor; 

a second insulating substrate opposing the first insulating 
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substrate; 

a black matrix formed on the second insulating substrate and 
defining a pixel; 

red, green and blue color filters formed in the pixel area defined 
by the black matrix; 

a reference electrode formed on the color filter; and 

liquid crystal loaded between the first insulating substrate and 
the second insulating substrate, 

wherein the white pixel is part of plural pixels defined by the 
black matrix while none of the red, green or blue color filters is formed. 
[Claim 3] 

The liquid crystal display according to claim 2 wherein, of pixels 
defined by the black matrix, the area of the white color pixels and the 
blue color pixels in which the blue color filter is formed is smaller 
than any one of the red color pixel in which the red color filter is 
formed and the green color pixel in which the green color filter is formed. 
[Claim 4] 

The liquid crystal display according to claim 3 wherein total 
area of the blue color pixel area and the white color pixel area is 
substantially the same as the area of the red color pixel area or the 
green color pixel area. 
[Claim 5] 

The liquid crystal display according to claim 3 wherein the width 
of the black matrix around the white color pixel is larger than the width 
of the black matrix around the other color pixel. 
[Claim 6] 

A color filter display panel for a liquid crystal display 
comprising : 

an insulating substrate; 

a black matrix formed on the insulating substrate and defining 
each pixel; 

an organic filter formed in red color pixel of the pixels defined 
by the black matrix and containing red color pigment; 

an organic filter formed on green color pixel of the pixels defined 
by the black matrix and containing green color pigment; 

an organic filter formed on blue color pixel of the pixels defined 
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by the black matrix and containing blue color pigment; 

transparent organic filter formed in white color pixel of the 
pixels defined by the black matrix; and 

a reference electrode formed on the organic filter. 
[Claim 7] 

The color filter display panel for a liquid crystal display 
according to claim 6 further comprising overcoat film formed between 
the organic filter and the reference electrode. 
[Claim 8] 

The color filter display panel for a liquid crystal display 
according to claim 7 wherein the transparent organic filter is composed 
of the same substance as the overcoat film. 
[Claim 9] 

A liquid crystal display comprising: 
a first insulating substrate; 

a thin film transistor formed on the first insulating substrate; 

protective layer which covers the thin film transistor, its 
surface projecting in a predetermined area; 

a pixel electrode formed on the protective layer and connected 
to the thin film transistor; 

a second insulating substrate opposing the first insulating 
substrate; 

a black matrix formed on the second insulating substrate for 
defining a pixel; 

red, green and blue color filters formed in the pixel area defined 
by the black matrix; 

a reference electrode formed on the color filter; and 

liquid crystal loaded between the first insulating substrate and 
the second insulating substrate, wherein 

white color pixel is formed in part of plural pixels defined by 
the black matrix such that none of the red, green or blue color filter 
is formed and a predetermined area in which the surface of the protective 
layer is projected is located at a position corresponding to the white 
color pixel. 
[Claim 10] 

The liquid crystal display according to claim 9 wherein the pixel 
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electrode and the reference electrode have a cutout. 
[Claim 11] 

A liquid crystal display comprising: 

a pixel arrangement in which red, blue, green, red, white and 
green color pixels are arranged in a predetermined sequence in a row 
direction while the red color and green color pixels are arranged 
alternately in a single column direction and the blue color and the white 
color pixels are arranged alternately in the column direction, and the 
red and green color pixels are disposed on adjacent two rows, such that 
they oppose each other diagonally around the blue color pixel and white 
color pixel; 

a gate line disposed on each pixel row in the row direction for 
transmitting a scanning signal or a gate signal to the pixel; 

a data line disposed insulated from and intersecting the gate 
line in the column direction and disposed on each pixel column for 
transmitting an image or a data signal; 

a pixel electrode formed on each of the pixels in the row and 
column directions and to which the data signal is to be transmitted; 
and 

a thin film transistor formed on each of the pixels in the row 
and column directions and containing a gate electrode connected to the 
gate line, a source electrode connected to the data line and a drain 
electrode connected to the source electrode and the pixel electrode. 
[Claim 12] 

The liquid crystal display according to claim 11 wherein when 
an area in which the red and green color pixels are arranged such that 
each of them opposes diagonally with respect to the blue color pixel 
and white color pixel which are located on an identical pixel column 
of adjacent two pixel rows is referred to as a single pixel area, the 
pixel areas are arranged in succession in the row direction and the column 
direction while the blue color pixel and the white color pixel located 
on an identical pixel column are disposed alternately in the unit of 
the pixel area column. 
[Claim 13] 

The liquid crystal display according to claim 12 wherein the blue 
color pixel and the white color pixel which are disposed in the one pixel 
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area forms one diamond shape throughout two pixel rows. 
[Claim 14] 

The liquid crystal display according to claim 13 wherein the blue 
color pixel and the white color pixel are located on an identical column, 
forming a triangular shape whose vertex is located in parallel to the 
row direction and the bottom sides of the respective triangles are 
disposed corresponding to each other to entirely form a diamond shape. 
[Claim 15] 

The liquid crystal display according to claim 11 wherein when 
an area in which the red color and green color pixel are disposed such 
that each of them opposes diagonally with respect to the blue color and 
white color pixels located on adjacent two pixel rows is referred to 
as a pixel area, the pixel areas are arranged in succession in the row 
direction and column direction and the blue and white color pixels are 
disposed alternately in the unit of the pixel area row. 
[Claim 16] 

The liquid crystal display according to claim 15 wherein the blue 
color pixel and the white color pixel form triangular shapes whose 
vertexes are parallel to the column direction such that the bottom sides 
of the respective triangles correspond to each other, entirely forming 
a diamond shape. 
[Claim 17] 

The liquid crystal display according to claim 11 wherein the 
liquid crystal display is driven by rendering. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a liquid crystal display and 
more particularly to a liquid crystal display having a pixel array 
structure for displaying an image at a high resolution and a drive unit 
thereof. 
[0002] 
[Prior Art] 

The liquid crystal display is a device in which with liquid crystal 
material applied between two substrates each having an electrode for 
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generating electric field, electric field is formed by applying 
different potential to the two electrodes so as to change the array of 
liquid crystal molecules thereby adjusting the transmittance of light 
to express an image. 

Such a liquid crystal display includes pixel electrodes and a 
plurality of pixels in which color filters of red (R) , green (G) and 
blue (B) are formed and each pixel is driven by a signal applied through 
wire to perform display operation. The wires include gate line (or 
scanning signal line) for transmitting a scanning signal and data line 
(or image signal line) for transmitting an image signal and each pixel 
includes a thin film transistor connected to one of the gate lines and 
one of the data lines to control an image signal transmitted to the pixel 
electrode formed on the pixel. 
[0003] 

However, a conventional liquid crystal display representing one 
dot by the three colors pixels, red (R) , green (G) and blue (B) has such 
a disadvantage that the light efficiency drops . More specifically, each 
pixel of red (R) , green (G) and blue (B) has a color filter and the light 
efficiency of these color filter entirely drops because it transmits 
only about 1/3 of the applied light. 

On the other hand, various colors can be represented by arranging 
the color filters of red (R) , green (G) and blue (B) in each pixel in 
various ways. Examples of arrangement types are: a stripe type in which 
the color filters of the same color are arranged in the unit of each 
pixel column; a mosaic type in which the color filters of red (R) , green 
(G) and blue (B) are arranged in turn along the row and column directions; 
and a delta type in which with unit pixels disposed in zigzag fashion 
such that they intersect each other in the column direction and the color 
filters of red (R) , green (G) and blue (B) are arranged in turn. The 
delta type has representation capacity effective for expressing a circle 
or a diagonal line on the screen when three unit pixels including the 
color filters of red (R) , green (G) and blue (B) are represented by one 
dot. 
[0004] 

Further, "ClairYoyante Laboratories" has proposed a pixel array 
structure called "The PenTile Matrix™ Pixel arrangement" which has a 
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representation capacity with a high resolution further advantageous for 
representation of an image and can minimize design cost. In the pixel 
array structure of such pentile matrix, the unit pixels of blue adjacent 
to each other receive data signal through a data drive integrated circuit 
and is driven by different gate drive integrated circuits. By using 
such a pentile matrix pixel structure, a resolution of UXGA (Ultra 
Extended Graphics Array) class can be achieved using a display unit of 
SVGA (Super Video Graphics Array) class. Further, although the quantity 
of low cost gate drive integrated circuits is increased, the quantity 
of relatively high cost data drive integrated circuits can be decreased, 
thereby reducing manufacturing cost of the display unit. 
[0005] 

However, in the pentile matrix pixel structure, the size of the 
blue pixie is different from the size of red and green pixels and thus, 
the storage capacity is required to be altered due to a difference in 
liquid crystal charge rate and further, because two blue pixels are 
driven by one line in a connected state, non-uniformity in pixel 
characteristic occurs. 

Particularly, because the blue pixels are arranged in an existing 
stripe fashion, the vertical line patterns due to the blue pixels can 
be visually recognized if the resolution is not sufficient, so that the 
entire image quality is deteriorated. 
[0006] 

[Problem to be solved by the Invention] 

A technical object of the present invention is to provide a liquid 
crystal display having a high light efficiency. 
[0007] 

[Means for solving the Problem] 

As a means to solve the problem, the present invention forms white 
pixels in addition to red, green, and blue pixels. 

More specifically, the present invention provides a liquid 
crystal display comprising: liquid crystal display panel having red, 
green, blue and white color pixels; and a backlight unit disposed on 
one side of the liquid crystal display panel, wherein light emitted from 
the backlight unit has a color coordinate in which X ranges from 0.34 
to 0.31 and y ranges from 0 . 35 to 0 . 32 . In the meantime, the white color 
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pixel means a pixel structure which does not form white color spectrum, 
but is never increased or decreased remarkably in a specified wavelength 
in which transmittance or reflectance ratio is in a visible range. 
[0008] 

At this time, the liquid crystal display panel includes: 
a first insulating substrate; a thin film transistor formed on the first 
insulating substrate; a pixel electrode which is formed on the first 
insulating substrate and connected to the thin film transistor; 

a second insulating substrate opposing the first insulating 
substrate; 

a black matrix formed on the second insulating substrate and 
defining a pixel; red, green and blue color filters formed in the pixel 
area defined by the black matrix; a reference electrode formed on the 
color filter; and liquid crystal loaded between the first insulating 
substrate and the second insulating substrate, and part of the plural 
pixels defined by the black matrix does not form any one of the red, 
green and blue color filters so as to form the white color pixel. 
[0009] 

Of pixels defined by the black matrix, the area of the white color 
pixels and the blue color pixels in which the blue color filter is formed 
can be smaller than any one of the red color pixel in which the red color 
filter is formed and the green color pixel in which the green color filter 
is formed. Or total area of the blue color pixel area and the white 
color pixel area can be substantially the same as the area of the red 
color pixel area or the green color pixel area . 

Preferably, the width of the black matrix around the white color 
pixel is larger than the width of the black matrix around the other color 
pixel . 
[0010] 

Further, the present invention provides a color filter display 
panel for liquid crystal display comprising: an insulating substrate; 

a black matrix formed on the insulating substrate for defining 
each pixel; organic filter formed in red color pixel of the pixels defined 
by the black matrix and containing red color pigment; organic filter 
formed on green color pixel of the pixels defined by the black matrix 
and containing green color pigment; organic filter formed on blue color 
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pixel of the pixels defined by the black matrix and containing blue color 
pigment; transparent organic filter formed in white color pixel of the 
pixels defined by the black matrix; and a reference electrode formed 
on the organic filter. 
[0011] 

At this time, overcoat film formed between the organic filter 
and the reference electrode can be further contained and the transparent 
organic filter can be composed of the same substance as the overcoat 
film. 

The liquid crystal display of the present invention comprises: 
a first insulating substrate; a thin film transistor formed on the first 
insulating substrate; protective layer which covers the thin film 
transistor, its surface projecting in a predetermined area; a pixel 
electrode formed on the protective layer and connected to the thin film 
transistor; a second insulating substrate opposing the first 
insulating substrate; 

a black matrix formed on the second insulating substrate for 
defining a pixel; red, green and blue color filters formed in the pixel 
area defined by the black matrix; a reference electrode formed on the 
color filter; and liquid crystal loaded between the first insulating 
substrate and the second insulating substrate, wherein white color 
pixel is formed in part of plural pixels defined by the black matrix 
such that none of the red, green or blue color filter is formed and a 
predetermined area in which the surface of the protective layer is 
projected is located at a position corresponding to the white color 
pixel . 
[0012] 

The pixel electrode and the reference electrode can have a cutout. 
Further, the liquid crystal display of the present invention 
comprises : 

a pixel arrangement in which red, blue, green, red, white and 
green color pixels are arranged in a predetermined sequence in a row 
direction while the red color and green color pixels are arranged 
alternately in a single column direction and the blue color and the white 
color pixels are arranged alternately in the column direction, and the 
red and green color pixels are disposed on adjacent two rows, such that 
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they oppose each other diagonally around the blue color pixel and white 
color pixel. 

At this time, a gate line disposed on each pixel row in the row 
direction for transmitting a scanning signal or a gate signal to the 
pixel is formed and a data line disposed insulated from and intersecting 
the gate line in the column direction and disposed on each pixel column 
for transmitting an image or a data signal is formed. Further, a pixel 
electrode is formed on each of the pixels in the row and column directions 
while the data signal is transmitted thereto. Additionally, the thin 
film transistor formed on each of the pixels in the row and column 
directions and containing the gate electrode connected to the gate line, 
the source electrode connected to the data line and the drain electrode 
connected to the source electrode and the pixel electrode can be 
included . 
[0013] 

Preferably, when an area in which the red and green color pixels 
are arranged such that each of them opposes diagonally with respect to 
the blue color pixel and white color pixel located on an identical pixel 
column of adjacent two pixel rows is referred to as a single pixel area, 
the pixel areas are arranged in succession in the row direction and the 
column direction while the blue color pixel and the white color pixel 
located on an identical pixel column are disposed alternately in the 
unit of the pixel area column. 

At this time, the blue color pixel and the white color pixel which 
are disposed in the one pixel area can form one diamond shape throughout 
two pixel rows. In this case, the blue color pixel and the white color 
pixel are located on an identical column, forming a triangular shape 
whose vertex is located in parallel to the row direction and the bottom 
sides of the respective triangles are disposed corresponding to each 
other to entirely form a diamond shape. 
[0014] 

When an area in which the red color and green color pixel are 
disposed such that each of them opposes diagonally with respect to the 
blue color and white color pixels located on adjacent two pixel rows 
is referred to as a pixel area, the pixel areas are arranged in succession 
in the row direction and column direction and the blue and white color 
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pixels are disposed alternately in the unit of the pixel area row. 

At this time, the blue color pixel and the white color pixel form 
triangular shapes whose vertexes are parallel to the column direction 
such that the bottom sides of the respective triangles correspond to 
each other, entirely forming a diamond shape. 
[0015] 

[Embodiments of the Invention] 

The embodiments of the present invention will be described in 
detail with reference to the accompanying drawings so that those having 
ordinary knowledge in technical filed the present invention belongs to 
can carry out easily. However, the present invention can be achieved 
in diversified different types and is not restricted to the embodiments 
described here. 

The embodiment is represented with its thickness enlarged in order 
to express diversified layers and regions clearly on the drawings. Like 
reference numerals are attached to like elements throughout the entire 
specification. When an element such as a layer, film, region and 
substrate exists "on" another element, this meaning includes not only 
a case where it is directly "on" the other element but also a case where 
an intervening element is present therebetween. In contrast, when an 
element exists directly "on" other element, there is no intervening 
element therebetween . 
[0016] 

Hereinafter, the structure of the liquid crystal display 
according to the embodiment of the present invention will be described 
with reference to the drawings . 

FIG. 1 is a sectional view of the liquid crystal display according 
to a first embodiment and FIGS. 2-4 are arrangement diagrams of color 
filters of the liquid crystal display according to the first-third 
embodiments. The liquid crystal display of the first embodiment of the 
present invention comprises a lower display panel , an upper display panel 
opposing it, liquid crystal layer 3 which is loaded between the lower 
display panel and the upper display panel and contains liquid crystal 
molecules oriented in a predetermined direction, upper and lower 
polarizers 22, 12, upper and lower compensation films 23, 13, backlight 
unit 350 and the like. Liquid crystal molecules vary in their 
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orientations under application of electric field and the transmittance 

of light is changed depending on the orientations. 

[0017] 

The lower display panel includes a lower substrate 110 made of 
transparent insulating material such as glass, thin film transistor TFT 
formed thereon, and pixel electrode 190 connected to the thin film 
transistor TFT and made of transparent conductive material such as ITO 
and IZO. At this time, the thin film transistor TFT switches an image 
signal voltage applied to the pixel electrode 190. 

The lower compensation film 13 and the lower polarizer 12 are 
attached to the bottom face of the lower substrate 110. Here, the lower 
compensation film 13 can use biaxiality compensation film or uniaxiality 
compensation film and may be omitted depending on a case. 
[0018] 

A backlight unit 350 is disposed under the lower polarizer 12. 
The backlight unit 350 is constituted of a light source 351 which uses 
a cold cathode tube and a light guide plate 352. 

Light emitted from the light source 351 at this time has a color 
coordinate (x, y) in which x coordinate has values ranging from 0.31 
to 0.34 and y coordinate has values ranging from 0.32 to 0.35. Such 
a light contains more amount of blue component than light emitted from 
a conventionally used light source as a backlight for the liquid crystal 
display. To obtain such a light source, the blue color emitting material 
contained in the light source 351 should be increased by a predetermined 
amount . 
[0019] 

FIG. 5 is a graph for comparison of light emission spectrum of 
the backlight used in the embodiment of the present invention with a 
conventional one . 

As indicated in the graph, in the backlight for use in the present 
invention, blue color light having a wavelength of 440-470 nm is enhanced 
as compared with the conventional backlight while red color light having 
a wavelength of 620-650 nm is weakened. Here it is assumed that the 
conventional blue color light is "blue 1" , the enhanced blue color light 
is "blue 1.09" or "blue 1.18". 
[0020] 



12 



The upper display panel includes an upper substrate 210 made of 
transparent insulating material such as glass, a black matrix 220 formed 
on the bottom face in the shape of a matrix and defining the pixels, 
color filters of red, green and blue formed into pixels defined by the 
black matrix 220 (230R, 230G, 230B) and a reference electrode 270 
composed of transparent conductive material such as ITO and IZO. 

Although the red, green and blue filters (230R, 230G, 230G) are 
formed in the pixel areas defined by the black matrix 220 repetitively, 
no red, green or blue filter (230R, 230G, 230B) is formed in some pixel 
area . These pixel areas represent white color pixel areas (W) , 
intercepting or allowing to pass all components of light emitted by the 
backlight . 
[0021] 

The numbers of the red, green and blue color pixels in which the 
red, green and blue filters (230R, 230G, 230B) are formed and that of 
the white color pixels are equal and the red, green, blue and white color 
pixels are arranged along the pixel rows successively and repetitively. 
At this time, the area of the blue pixel or the white pixel is smaller 
than the area of the red pixel or the green pixel, that is, substantially 
1/2. Therefore, total area of one white color pixel area and one blue 
color pixel area is substantially the same as the area of the red color 
pixel area and green color pixel area. 

On the other hand, because the white color pixel (W) has no color 
filter, the cell gap at this portion is larger than the other color pixel 
portion . 
[0022] 

The upper compensation film 23 and the upper polarizer 22 are 
attached to the bottom face of the upper substrate 210. Here, the upper 
compensation film 23 can use biaxiality compensation film or uniaxiality 
compensation film and may be omitted depending on a case. 

If an image is represented by using the red, green, blue and white 
color pixels as one dot (color representation unit pixel group) , entirely 
the light efficiency is intensified. For example, the amount of light 
passing through a TFT substrate side polarizer (lower polarizer: 12) 
of the liquid crystal display is assumed as "1". If a dot is expressed 
with three pixels, red, green and blue, it is 1/3 of the area of each 
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pixel and the light transmittance by the color filter is 1/3. Therefore, 
total light transmittance of one dot is [1/3 x 1/3 (R) ] + [1/3 x 1/3 (G) ] 
+ [1/3 x 1/3 (B) ] = 1/3 = 33.3%. 
[0023] 

However, according to the embodiment of the present invention, 
the area of one pixel is 1/4 of the area of one dot and the light 
transmittance of the white pixel is 1 (as the white pixel contains no 
color filter), so the total light transmittance of one dot is [1/4 x 
1/3 (R) ] + [1/4x1/3 (G) ] + [1/4x1/3 (B) ] + [1/4 x 1 (W) ] = 1/2 = 50%. 
According to the embodiment of the present invention, it is evident that 
the brightness is intensified about 1.5 times as compared with the 
conventional liquid crystal display. Further, by reducing the area of 
the blue color pixel and the area of white color pixel relative to the 
area of the red color pixel and the area of the green color pixel, the 
area occupied by one dot due to addition of the white color pixel can 
be blocked. Because the white color pixel is at least three time brighter 
than each of red, green and blue pixels, the white pixel can exert a 
sufficient function even its area is only about 30 % of an area of these 
other pixels. Further because the blue is a color most insensitive to 
changes in the light amount of the three colors, red , green and blue, 
an influence of its reduced area upon an image quality is the smallest. 
However, if the area of the blue color pixel is reduced, even if it is 
slight, some extent of change in the image quality, for example, 
yellowish image phenomenon appears. The yellowish image phenomenon 
refers to a phenomenon that an image is made yellowish. This is generated 
due to shortage of the blue color component and, in order to replenish 
the short blue color component, the present invention uses the backlight 
which generates light containing more blue color components. 
[0024] 

On the other hand, the white color pixel has a larger cell gap 
than other pixels because it has no color filter. It has a tendency 
that light emitted from the white color pixel is deviated to yellowish 
image when the cell gap is large. In such a case, containing a large 
amount of the blue color component in light from the backlight prevents 
light emitted from the white color pixel from being deviated to bluish 
image . 
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According to the first embodiment, the red, green, blue and white 
color pixels are disposed so that they appear in turn along the row. 
However, the arrangement of these pixels can be modified in various ways 
and hereinafter, such a modification will be described about the second 
and third embodiments. 
[0025] 

FIG. 3 is an arrangement diagram of the color filters of the liquid 
crystal display according to the second embodiment of the present 
invention. The pixel matrix composed of two rows by three columns forms 
one dot and the color pixels of red, blue and green are disposed on a 
first row successively while the color pixels of green, white and red 
are disposed on a second row. FIG. 4 is an arrangement diagram of the 
color filters of the liquid crystal display according to the third 
embodiment of the present invention. 
[0026] 

The third embodiment has the same arrangement structure as the 
second embodiment except that the size of the blue pixels is enlarged 
while the size of the white pixel is reduced. The white color pixel 
can exert a sufficient function even if its area is about 1/3 as compared 
to the other pixel because the brightness thereof is at least three times 
higher than the red, green and blue pixels. Thus, the current extent 
of the yellowish phenomenon can be reduced by enlargement of the blue 
pixel. FIG. 6 is an arrangement diagram of the color filter and black 
matrix of the liquid crystal display according to the fourth embodiment 
of the present invention. 
[0027] 

The fourth embodiment has a feature in that it has the same pixel 
arrangement as the second embodiment and the width of the black matrix 
(BM) around the white color pixel is enlarged as compared with other 
portions. This is in order to block disclination line (disclination 
line) which appears due to a difference of step intensified because no 
color filter is formed on the white pixel. 

Although the cell gap of the white color pixel blocks the 
disclination line due to the difference of step generated because the 
cell gap of the white color pixel has a difference from other pixels 
by means of the black matrix, in a following embodiment, a method of 
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setting the cell gap of the white color pixel identical to other pixels 
will be described. 
[0028] 

FIG. 7 is a sectional view of a color filter display panel for 
the liquid crystal display according to a fifth embodiment of the present 
invention. The color filter display panel of the fifth embodiment 
comprises the transparent insulating substrate 210, black matrix 220 
formed on the bottom face of the insulating substrate 210, transparent 
color filters (230R, 230g, 230B, 230W) which are formed at each pixel 
defined by the black matrix 220, allowing every color to pass through, 
overcoat film 250 formed on the bottom face of these color filters (230R, 
230G, 230B, 230W) and a reference electrode 270 formed on the bottom 
face of the overcoat film 250 . 
[0029] 

The feature of the color filter according to the fifth embodiment 
exists in preventing generation of the difference of step by forming 
the all color transmission filter (230W) in the white pixel . Preferably, 
the all color transmission filter (230W) is formed of transparent organic 
material which uses photosensitizing agent having no pigment. An 
organic filter containing red pigment is used for the red filter 230R, 
organic filter containing green pigment is used for the green filter 
230G and organic filter containing blue pigment is used for the blue 
filter 230B. As for the material of the overcoat film 250, if it is 
formed of the same material as the all color transmission filter (230W) 
of the white pixel, for example, manufacturing process can be simplified. 
[0030] 

The cell gap in the liquid crystal display can be formed equally 
by preventing generation of difference of step using the all color 
transmission filter (230W) , thereby preventing generation of the 
yellowish image in the white color pixel and disclination line in the 
step difference portion so as to optimize response speed. The 
optimization of the response speed will be described in detail with 
reference to FIG. 10. 

FIG. 10 is a response time graph by the cell gap of the liquid 
crystal display. 

"On" in FIG. 10 designates response time (response time at a moment 
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when Black is converted to Whitee) at a moment when a voltage is applied 
between the pixel electrode and common electrode, "Off" designates 
response time (response time at a moment when White is converted to Black) 
at a moment when the voltage applied between the pixel electrode and 
the common electrode is removed and "On + Off" designates a sum of the 
response times of "On" and "Off". As shown in FIG. 10, the response 
time decreases (the response speed increases) as the cell gap increases 
and when the cell gap is about 3.7 um halfway, its minimum value is 
indicated and when the cell gap increases over 3 . 7 um, it increases again . 
Therefore, the cell gap is preferred to be set to about 3.7 um. However, 
because the cell gap is larger by 1 . 5-1 . 6 um as compared with other pixels 
when no color filter is present in the white color pixel, the response 
speed of the white color pixel is delayed. 
[0031] 

FIG. 8 is a sectional view of a color filter for the liquid crystal 
display according to a sixth embodiment of the present invention. The 
color filter for the liquid crystal display according to the sixth 
embodiment uses a thick overcoat 250 to equalize the cell gap of the 
white color pixel. By forming the overcoat film 250 which covers the 
color filter (230R, 230G, 230B) in a sufficiently thickness, the 
difference of step at the white color pixel is set to 0.2 um or less. 
As the material of the overcoat film 250, it is preferable to use 
transparent organic material and photosensitizing agent containing no 
pigment. 
[0032] 

This is more advantageous in views of process simplification 
because a process for forming the all color transmission filter (230W) 
can be omitted as compared with the fifth embodiment. FIG. 9 is a 
sectional view of the liquid crystal display according to a seventh 
embodiment of the present invention. According to the seventh 
embodiment, with the difference of step of the white color pixel of the 
color filter display panel left as it is, a projecting portion is formed 
on protective layer of the thin film transistor display panel instead 
so as to equalize the cell gap of the white color pixel. 

The liquid crystal display of the seventh embodiment will be 
described further in detail. 
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[0033] 

The color filter display panel includes the upper substrate 210 
made of transparent insulating material such as glass, the black matrix 
220 which is formed on the bottom face thereof for defining the pixels 
in the shape of a matrix, the color filters (230R, 230G, 230B) of red, 
green and blue formed in a pixel defined by the black matrix 220, the 
overcoat film 250 which covers the color filters (230R, 230G, 230B) and 
transparent conductive substance such as ITO and IZO, and the reference 
electrode 270 having a cutout 271 is formed. 
[0034] 

In the pixels defined by the black matrix 220, the red, green 
and blue color filters (230R, 230G, 230B) are formed repetitively and 
no red, green or blue color filter (230R, 230G, 230B) is formed in some 
pixel areas. These pixel areas represent white color pixel area (W) 
which intercept or allow to pass all components of light emitted from 
the backlight substantially equally . In the white color pixel (W) , this 
portion serves as a recess portion because it has no color filter. 

The thin film transistor display panel includes the lower 
substrate 110 made of transparent insulating substance such as glass, 
thin film transistor formed thereon, and the pixel electrode 190 which 
is connected to the thin film transistor and made of transparent 
conductive substance such as ITO, IZO. At this time, the thin film 
transistor acts for switching an image signal voltage to be applied to 
the pixel electrode 190. The pixel electrode 190 has the cutout 191. 
[0035] 

More specifically, the thin film transistor display panel is 
comprised of a gate electrode 123 formed on the insulating substrate 
110, gate insulating layer 140 which covers the gate electrode 123, 
amorphous silicon 154 formed on the gate insulating layer 140, ohmic 
contacts 163, 165 which are formed on the amorphous silicon layer 154, 
a source electrode 173 and drain electrode 175 which are formed on the 
ohmic contacts 163, 165, protective layer 180 which covers the source 
electrode 173 and the drain electrode 175, the pixel electrode 190 which 
is connected to the drain electrode 175 through a contact hole 181 
possessed by the protective layer 180. Although not shown, data line 
which is connected to a gate line connected to the gate electrode 123 
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for transmitting a scanning signal and the source electrode 173 in order 

to transmit an image signal is formed. 

[0036] 

Here, the protective layer 180 projects from a region 
corresponding to the white color pixel, forming a projection. The recess 
portion of the color filter display panel and the projecting portion 
of the thin film transistor display panel match each other, so that the 
white color pixel also has substantially the same cell gap as other color 
pixels . 

To produce the thin film transistor having such a structure, photographic 
etching process is carried out using a photo mask having a translucent 
area. That is, when the protective layer 180 is overlaid on the source 
electrode 173 and the drain electrode 175 so as to form the contact hole 
181 in the protective layer 180, the photo mask for use contains a 
transparent area, a translucent area and an opaque area. As for 
arrangement of the photo mask, the transparent area is disposed on the 
contact hole 181, the translucent area is disposed on a portion excluding 
the contact hole 181 and white color pixel, and the opaque area is disposed 
corresponding to each of the white pixel portion. When with the photo 
mask disposed in this way, photosensitive film on the protective layer 
180 is exposed to light and then developed, the photosensitive film is 
removed completely from the portion in which the contact hole 181 is 
formed while the photosensitive film is left in the white color pixel 
portion. The photosensitive film is removed partially from other 
portion so that only part of its entire thickness is left. The contact 
hole 181 is formed with such a photosensitive film used as etching mask, 
the photosensitive film is a shed to remove a photosensitive film portion 
in which only part of the entire thickness is left. The photosensitive 
film is left in only the white color pixel portion and by etching the 
protective layer 180 using this as etching mask, the other portion 
excluding the white color pixel portion is cut out so as to form a plateau 
on the white color pixel portion. 
[0037] 

On the other hand, the process for manufacturing the thin film 
transistor display panel includes plural photographic etching steps and 
efforts have been made to reduce these. As one of the efforts, as 
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described previously, a method of forming photosensitive film pattern 
having a thick portion and a thin portion using the photo mask having 
a transparent area, a translucent area and an opaque area and etching 
using this so that plural layers have each different pattern is employed. 
A typical feature is the 4-piece photo mask step of etching the amorphous 
silicon layer, ohmic contact and data metallic layer using one 
photosensitive film pattern. Usually, the photographic etching step 
is used five times totally, that is, once in patterning the gate electrode, 
once in patterning the amorphous silicon layer and ohmic contact, once 
in patterning the data wire, once in patterning the protective layer, 
and once in patterning the pixel electrode, which is called the 5-piece 
photo mask step. In the 4-piece mask step, the quantity of the photo 
masks is reduced by one by patterning the amorphous silicon layer, ohmic 
contact and data metallic layer with only one photo mask at the same 
time. In this case, the data wire and the ohmic contact pattern have 
a substantially same flat pattern and the amorphous silicon layer also 
has a substantially same flat pattern as the data wire at a portion 
excluding the channel portion. 
[0038] 

By coupling the thin film transistor display panel having the 
above-described structure with the color filter display panel in 
position and then pouring liquid crystal substance in between them so 
as to obtain vertical orientation, the basic structure of the liquid 
crystal display of the present invention is constituted. The pixel area 
is divided into a plurality of small domains by the cutouts 191 of the 
pixel electrode 190 and the cutouts 271 of the reference electrode 270 
and the small domains are classified into four kinds depending on the 
direction of inclination of liquid crystal contained inside by electric 
field. 

By equalizing the cell gaps of the liquid crystal display, the 
yellowish image phenomenon of the white color pixel is prevented to 
optimize the response velocity of the liquid crystal display. 
[0039] 

On other hand, the liquid crystal display according to the eighth 
- tenth embodiments are provided to prevent appearance of vertical 
pattern due to arrangement in a single row of the blue color pixel. 
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FIG. 11 is a pixel arrangement example of the liquid crystal display 
according to the eighth embodiment. 

In the liquid crystal display of the eighth embodiment of the 
present invention, as shown in FIG. 11, the pixels (R, B, G) of red, 
blue and green are arranged in the pentile matrix form and the white 
color pixel (W) is arranged adjacent to the blue color pixel (B) . 

The pixels (R, B, G, R, W, G) of red, blue, green, red, white 
and green are arranged in turn in the row direction. The blue and white 
pixels (... B, W....) are disposed alternately in a single column direction 
and red and green pixel columns in which red and green color pixels (...R, 
G....) are arranged alternately are disposed on both sides of the blue 
and white color pixels. At this time, the red and green color pixels 
(R, G) are disposed such that they oppose each other diagonally around 
the blue pixel (B) and the white pixel (W) arranged in an identical column 
on two rows that are adjacent to each other. 
[0040] 

That is, on a single pixel row, a first pixel unit (R, B, G) in 
which red, blue and green colors are arranged in turn and a second pixel 
unit (R, W, G) in which red, white and green colors are arranged in turn 
are disposed alternately and on a pixel column adjacent to this pixel 
column, a third pixel unit (G, W, R) in which green, white and red colors 
are arranged in turn and a fourth pixel unit (G, B, R) in which green, 
blue and red colors are arranged in turn are disposed alternately. 

Although the pixels have been described by dividing them to the 
first-fourth pixel units for convenience of description, it does not 
mean that the first - fourth pixel units are used to represent one dot 
in image display. 
[0041] 

In this way, on the two pixel columns adjacent to each other, 
the pixel structures in which the first and second pixel unit and the 
third and fourth pixel unit are disposed alternately are arranged as 
the two pixel column unit. 

Therefore, four pixels (R, G) of red and green colors are arranged 
such that they oppose each other diagonally around the blue pixel and 
white pixel positioned on an identical column of the two pixel rows 
adjacent to each other. 
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For example, when an arrangement of four pixels (R, G) of red 
and green colors such that they oppose each other diagonally around the 
blue pixel (B) and the white pixel (W) that are positioned on an identical 
column of the two pixel rows adjacent to each other is called one pixel 
area, such pixel areas are arranged in turn in the row direction and 
the column direction so that the positional relationship (up/down) of 
the blue and white color pixels changes depending on the pixel area. 
For example, if the blue pixel is disposed above the white pixel in each 
pixel area disposed in one pixel area column, the white pixel is disposed 
on the blue pixel in each pixel area of adjacent pixel area column. 
[0042] 

With this structure, the blue, red and green color pixels in the 
liquid crystal display of the eighth embodiment of the present invention 
are disposed in zigzag fashion in adjacent two pixel columns and the 
white color pixels are also disposed in the zigzag fashion. 

Next the structure of the thin film transistor substrate of the 
liquid crystal display according to the eighth embodiment of the present 
invention having the aforementioned pixel arrangement structure will 
be described in more detail with reference to FIG. 12 and FIG. 13. 
FIG. 12 is a specific pixel arrangement diagram of the thin film 
transistor in the liquid crystal display according to the eighth 
embodiment of the present invention having such a pixel arrangement and 
FIG. 13 is a sectional view of the thin film transistor substrate for 
the liquid crystal display, taken along the line XIII-XIII' in FIG. 12. 
[0043] 

In the liquid crystal display having the pentile structure pixel 
arrangement according to the eighth embodiment of the present invention, 
as shown in FIG. 12, the pixels (R, B, G, R, W, G) of red, blue, green, 
red, white, green colors are arranged in turn in the column direction. 
In one row direction, the blue and white pixels ( . . B, W . . ) are disposed 
alternately and then, red and green pixel rows in which the red pixel 
and the green pixel (..R, G..) are disposed alternately are disposed 
on both sides of the white color pixel colum. 

At this time, as shown in FIG. 12, the gate line (or scanning 
signal line) 121 for transmitting a scanning signal or a gate signal 
is formed for each pixel column in the column direction of the pixels 
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while the data line 171 which transmits the data signal and intersects 
the gate line 121 to define a unit pixel is formed in a column direction 
for each of the pixel ( . . R, B, G, W, R, B . . ) columns such that it is 
insulated from the gate line 121. At a portion in which the gate line 
121 intersects the data line 171, a thin film transistor including the 
gate electrode 123 connected to the gate line 121 and the source electrode 
173 connected to the data line 171, a drain electrode 175 formed on an 
opposite side to the source electrode 173 with respect to the gate 
electrode 123 and the semiconductor layer 154. Each pixel contains a 
pixel electrode 190 connected to the gate line 121 and data line 171 
through the thin film transistor. 
[0044] 

A maintenance capacitor conductive pattern 177 for forming a 
maintenance capacity is formed connected to the pixel electrode 190 such 
that it opposes the gate line 121 or a maintenance capacity wire formed 
on an identical layer thereto and the maintenance capacitor conductive 
pattern 177 is formed on the gate line 121 and connected to the pixel 
electrode 190 through the contact hole 187. The width of a portion in 
which the maintenance capacitor conductive pattern 177 is formed of the 
gate line 121 is larger than the width of a portion in which no maintenance 
capacitor conductive pattern is formed to secure a sufficient 
maintenance capacity. 
[0045] 

Further, the data wiring (which is a generic designation of the 
data line 171, source electrode 173, drain electrode 175, data line end 
(pad) 179) is connected to a transistor and an external circuit. A 
contact hole 185 (or 181) and a contact hole 187 (see FIG. 12 and FIG. 
13) are formed in the protective layer 180 in order to connect from the 
pixel electrode 190 to the drain electrode 175 and the maintenance 
capacitor conductive pattern 177 and the end portion 179 of the data 
line 171 is expanded in width to connect to an external circuit. Under 
such a structure, each pixel column receives transmission of each image 
signal through a data pad connected to the data line 171. 
[0046] 

If explaining the structure of the thin film transistor substrate 
of the liquid crystal display specifically, a gate wire is formed on 
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the insulation substrate 110. The gate line is a generic designation 
of the gate line formed for each pixel row in the row direction of the 
pixel, and the gate electrode 123 and the end portion 125 of the thin 
film transistor connected thereto. The end portion 125 is expanded in 
width to connect to an external circuit. 

The gate wiring and the gate insulation film 140 are formed in turn on 
the substrate 110 and the gate line is covered by the gate insulating 
layer 140 composed of silicon nitride (SiNx) and the like. 
[0047] 

The semiconductor layer 154 composed of semiconductor such as 
amorphous silicon is formed on the top of the gate insulating layer 140 
of the gate electrode 123 in the shape of an island and the ohmic contacts 
163, 165 which are made of n + hydrogenated amorphous silicon which is 
doped with silicide or n-type impurity at a high concentration are formed 
on the top of the semiconductor layer 154. Different from this, the 
semiconductor layer 154 can be formed along a pattern of the data line 
171. 

The data wiring is formed on the ohmic contacts 163, 165 and the 
gate insulating layer 140. The data wiring includes the data line 171 
which is formed in the column direction intersecting the gate line 121 
to define a pixel, the source electrode 173 which is a recess portion 
of the data line and extended up to the top portion of the ohmic contact 
163, the data pad 179 connected to an end of the data line 171 for receiving 
an application of an image signal from outside and a drain electrode 
175 which is formed on the top of the ohmic contacts 165 on an opposite 
side to the source electrode 173 with respect to the gate electrode 123 
separately from the source electrode 173 . 
[0048] 

The protective layer 180 is formed on the top of the data wiring 
and the semiconductor layer 154 not covered thereby. The contact holes 
185, 189 which expose the drain electrode 175 and the end portion 179 
having the data line whose width is expanded are formed on the protective 
layer 180 and the contact hole 182 which exposes the gate insulating 
layer 140 and the end portion 125 having the gate line whose width is 
expanded is formed. 

The pixel electrode 190 which is connected electrically to the 
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drain electrode 175 through the contact hole 185 (or 181) and positioned 
within the pixel is formed on the protective layer 180 . Further, contact 
supporting members 95, 97 which are connected to the end portion 125 
of each gate line and the end portion 179 of the data line through the 
contact holes 182, 189 are formed on the protective layer 180. 
[0049] 

Here, as shown in FIG. 12 and FIG. 13, the pixel electrode 190 
overlaps the gate line 121, forming the maintenance capacitor and if 
the maintenance capacity is insufficient, the maintenance capacity 
wiring may be added on an identical layer to the gate wirings 121, 125, 
123. 

In the liquid crystal display of the eighth embodiment having 
such a structure, W (white) data is extracted from R, G, B data provided 
from external data source (for example, graphic controller) and each 
pixel is driven by the R, G, B, W data reconstructed based thereon. 
[0050] 

Therefore, a dot in which four red (R) and green pixel (G) formed 
on both sides with respect to the blue pixel (B) and the white pixel 
(G) are contained in one pixel area symmetrically therewith can be 
displayed on Table 1 and Table 2 below. 
[0051] 
[Table 1] 

[0052] 
[Table 2] 

[0053] 

By applying rendering technique, one dot can be displayed as shown 
in Table 3 and Table 4 by disposing the red and green pixels (R, G) adjacent 
to and only one side of the blue pixel (B) and the white pixel (W) as 
reference positions, positioned on an identical column of two adjacent 
pixel columns. 
[0054] 
[Table 3] 

[0055] 
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[Table 4] 



[0056] 

Alternatively, one dot can be displayed as shown in Table 5 or 
Table 6 by disposing the green color and red color pixels (G, R) on only 
the other side column with the blue pixel (B) and the white color pixel 
(W) as reference positions. 
[0057] 
[Table 5] 

[0058] 
[Table 6] 

[0059] 

FIG. 14 is a drawing showing a pixel visible condition in case 
of driving the pixel structure of the liquid crystal display according 
to the eighth embodiment of the present invention having such a 
structure. 

As shown in FIG. 14, according to the eighth embodiment of the 
present invention, the blue pixels (B) are disposed in zigzag fashion 
as well as the red color pixel (R) and the green color pixel (G) and 
further, the white color pixels (W) are disposed not adjacent to each 
other but in the zigzag fashion. As a result, when the resolution is 
not sufficient, a vertical pattern undesirable due to a particular pixel 
(for example, blue color pixel) is not recognized visually. Therefore, 
a liquid crystal display having a pentile matrix structure having an 
improved image quality can be provided. 
[0060] 

Next, the liquid crystal display according to a ninth embodiment 
of the present invention will be described. 

FIG. 15 is a pixel arrangement example of the liquid crystal 
display according to a ninth embodiment of the present invention. 

On a substrate of the liquid crystal display according to the 
ninth embodiment of the present invention, as shown in FIG. 15, red, 
blue, green, red, white, green color pixels (R, B, G, R, W, G) are arranged 
in turn in the row direction in the pentile matrix configuration like 
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the eighth embodiment. Then, the blue and white color pixels (.. B, 
W . . ) are disposed alternately in one row direction and on both sides 
of these blue and white color pixels, red and green color pixel columns 
in which the red and green color pixels (.. R, G ..) are disposed 
alternately are arranged. Thus, the red and green pixels (R, G) are 
disposed such that they oppose each other in a diagonal direction with 
respect to the blue color pixel (B) and the white color pixel (W) 
positioned on an identical column of adjacent two pixel rows. 
[0061] 

However, different from the eighth embodiment described before, 
the blue and white color pixels entirely form one diamond shape. That 
is, the blue pixel (B) and the white pixel (W) that are formed adjacent 
to each other on an identical column of the adjacent two row are formed 
in a triangular shape with each bottom side in parallel to the row 
direction, so that they are arranged such that the bottom sides 
correspond to each other so as to form a single diamond shape. As a 
result, one diamond shape generated containing the two pixel rows appears 
to be separated in the row direction. 

Four pixels (R, G) of red and green colors are arranged on four 
sides of the blue color pixel and the white color pixel (B, W) in such 
a diamond shape such that they oppose each other in a diagonal direction. 
At this time, two red color pixels (R) are arranged such that they oppose 
each other in a diagonal direction with respect to the blue and white 
color pixels (B, W) and the two green color pixels (G) are disposed such 
that they oppose each other in a diagonal direction with respect to the 
blue and white color pixels (B, W) . 
[0062] 

Therefore, in the ninth embodiment also, the blue, red and green 
color pixels are disposed in the zigzag fashion on adjacent two pixel 
rows (that is, a line connecting identical color pixels becomes zigzag) 
and the white color pixels are disposed in the zigzag fashion. 

Like the eighth embodiment, when arrangement of four pixels (R, 
G) of red and green colors such that they oppose each other diagonally 
with respect to the blue color pixel (B) and the white color pixel (W) 
positioned on an identical column of adjacent two pixel rows is regarded 
as a single pixel area, these pixel areas are disposed in turn in the 
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row direction and the column direction so that positions of the blue 
and white color pixels change alternately in each pixel area column. 
[0063] 

Next, the structure of the thin film transistor substrate of the 
liquid crystal display according to the ninth embodiment of the present 
invention having the above-described pixel arrangement structure will 
be described in detail with reference to FIG. 16 and FIG. 17. 

FIG. 16 is a specific pixel arrangement diagram of a thin film 
transistor substrate of the liquid crystal display according to the ninth 
embodiment of the present invention having such a pixel arrangement. 
FIG. 17 is a sectional view of the thin film transistor substrate for 
liquid crystal display taken along the line XVI I -XVI I' in FIG. 16. 
[0064] 

In the thin film transistor substrate of the liquid crystal 
display according to the ninth embodiment of the present invention, as 
shown in FIG. 15, the red, blue, green, red, white, and green color pixels 
(R, B, G, R, W, G) are arranged in turn in the row direction. Then, 
the blue and white color pixels ( . . B, W . . ) are disposed alternately 
in one column direction and the red and green pixel columns in which 
the red color pixel and green color pixel (.. R, G ..) are disposed 
alternately are arranged on both sides of the blue and white color pixel 
columns . 

At this time, as shown in FIG. 16, the gate line (scanning signal 
line) 121 for transmitting a scanning signal (gate signal) to each pixel 
row is formed in each pixel row in the row direction. The gate lines 
121 formed on each of two pixel rows adjacent to each other are disposed 
to oppose with respect to the pixel of each pixel row. 
[0065] 

The data line 171 for transmitting data signal to a pixel column 
is formed in the column direction insulated from and intersecting the 
gate line 121 (arrangement in the row direction: R, B, G, R, W, G, ...) . 
A thin film transistor including the gate electrode 123 connected to 
the gate line 121, the source electrode 173 connected to the data line 
171, the drain electrode 175 formed on an opposite side to the source 
electrode 173 with respect to the gate electrode 123 and the 
semiconductor layer 154 is formed at a portion in which the gate line 
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121 and the data line 171 intersect. The pixel electrode 190 connected 
electrically to the gate line 121 and the data line 171 through the thin 
film transistor is formed on each pixel. 
[0066] 

A maintenance capacity is formed to oppose the pixel electrode 
190 in a layer identical to the gate line 121 and a maintenance capacity 
line 131 extending in the row direction is formed. The maintenance 
capacity line 131 is part of the maintenance capacity wiring and formed 
on a border between two adjacent rows such that it overlaps the pixel 
electrodes 190 completely corresponding to the red, blue, green and white 
color pixels formed on each of those adjacent rows. 

On the other hand, the data line 171 is connected to the drain 
electrode 175 and a data pad 179 which receives a video signal from outside 
and transmit to the data line 171 is connected to an end of each data 
line 171. Under such a structure, each pixel column receives each pixel 
signal through the data pad 179 connected to the data line 171. 
[0067] 

Looking at the structure of the thin film transistor substrate 
for the liquid crystal display according to the ninth embodiment of the 
present invention more in detail, the gate wiring and maintenance 
capacity wiring are formed on the transparent insulating substrate 110. 
The gate wiring includes the scanning signal line or gate line 121 
extended in the row direction and the gate electrode 123 of the thin 
film transistor which is part of the gate line 121 and the end portion 
125 of the gate line 121 is expanded in its width to be connected to 
an external circuit. At this time, the gate electrode 123 connected 
to the gate line 121 is formed on each blue pixel column . 
[0068] 

The maintenance capacity wiring, that is, the maintenance 
capacity line 131 constitutes a maintenance capacitor opposing each of 
the pixel electrodes 190 of the pixels (R, B, G, W) which will be described 
later and having a maintenance capacity for improving the charge storage 
capacity of the pixel. 

Data wiring composed of low resistance conductive substance is 
formed on the gate insulating layer 140 which covers the gate wiring 
and maintenance wiring. The data wiring includes the data line 171 which 
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is formed in the column direction and disposed for each pixel column, 
the source electrode 173 of the thin film transistor connected thereto 
and the drain electrode 175 of the thin film transistor located on an 
opposite side to the source electrode 173 with respect to the gate 
electrode 123 or the semiconductor layer 154 of the thin film transistor. 
[0069] 

Because the data lines 171 are disposed on each pixel column apart 
from each other, shortcircuit between the data lines 171 can be prevented 
and interference between data signals transmitted to the data line 171 
can be prevented. 

Although the data wiring can be formed in a single layer like 
the gate wiring, it may be formed in double layers or triple layers. 
When it is formed of two or more layers, preferably, one of them is formed 
of substance having a low resistance while the other layers are formed 
of substance having a excellent characteristic of contact with the other 
substances . 
[0070] 

The protective layer 180 composed of organic insulating substance 
and silicon nitride is formed on the data wiring and the semiconductor 
layer 154 not covered thereby and the pixel electrode 190 connected to 
the drain electrode 175 through the contact hole 185 is formed on the 
top of the protective layer 180 along a pixel pattern of each pixel (R, 
B, G, W) . 

According to the structure of the ninth embodiment of the present 
invention, similarly to the eighth embodiment if they are disposed on 
an identical column of adjacent two pixel rows, four red and green pixels 
formed on both sides and adjacent to the blue and white pixels which 
constitutes one diamond shape can be represented by Table 7 or Table 
8. 

[0071] 
[Table 7] 

[0072] 
[Table 8] 

[0073] 
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The red and green color pixels (R, G) located on an identical 
column of adjacent two pixel rows and positioned on a column adjacent 
to one side of the blue and white color pixels can be represented in 
Table 9 or Table 10 by using rendering technique. 
[0074] 
[Table 9] 

[0075] 
[Table 10] 

[0076] 

The green color 
adjacent on the other 
can be represented as 
[0077] 
[Table 11] 

[0078] 
[Table 12] 

[0079] 

On the other hand, unlike the ninth embodiment of the present 
invention, the triangular shaped blue and white color pixels can be 
arranged on adjacent pixel rows so as to realize a diamond shape. 

FIG. 18 is a pixel arrangement example of the liquid crystal 
display according to a tenth embodiment of the present invention. 
In the liquid crystal display according to the tenth embodiment of the 
present invention, as shown in FIG. 18, the blue pixel (B) and the white 
pixel (W) that are formed adjacent to each other on adjacent two rows 
in the pentile matrix configuration make a diamond shape entirely like 
the ninth embodiment. 
[0080] 

At this time, each of the blue pixel (B) and the white pixel (W) 
is formed in a triangular shape, the bottom side of the triangle is formed 
in parallel to the column direction unlike the ninth embodiment. That 
is, the blue color pixel (B) and the white color pixel (W) are formed 



and red color pixels (G, R) positioned on a column 
side of the color pixel and white color pixels 
a dot as shown in Table 11 or Table 12. 
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into a triangular shape throughout adjacent two pixel rows such that 
their vertexes are located on a border between the two pixel rows and 
the bottom sides of the blue color and white color pixels in such a shape 
are disposed such that they oppose each other to form a diamond shape. 
As a result, a diamond shape generated throughout the two pixel rows 
appear as if it is divided in the row direction. 
[0081] 

Like the ninth embodiment, four pixels (R, G) of red and green 
colors are disposed such that they oppose diagonally on four sides of 
the blue color pixel (B) and the white color pixel (W) in the diamond 
shape generated throughout the adjacent two rows. 

On the other hand, if arrangement of the four pixels (R, G) of 
red and green colors such that they oppose diagonally with respect to 
the blue pixel (B) and the white pixel (W) disposed throughout the 
adjacent two pixel rows is defined as a single pixel area, these areas 
are arranged in turn in the row direction and in the column direction, 
so that the blue and white pixel positions change alternately depending 
on the pixel area row. 
[0082] 

That is, as shown in FIG. 18, when the blue color pixel (B) of 
each pixel area is located on the right side of the white color pixel 
(W) , the blue pixel (B) of each pixel area is located on the left side 
of the white pixel (W) on adjacent other pixel area row. 

Because the structure of the thin film transistor substrate of 
the liquid crystal display of the tenth embodiment of the present 
invention having such a pixel arrangement can be considered by those 
skilled in art easily from the above-described pixel arrangement and 
the structure and sectional view described in the ninth embodiment and 
thus, its detailed description is omitted. 
[0083] 

In the tenth embodiment of the present invention also, the blue, 
red and green pixels are disposed in a zigzag fashion throughout adjacent 
two pixel rows like the eighth embodiment and the white color pixels 
are also disposed in the zigzag fashion. 

Thus, in the structure of the tenth embodiment of the present 
invention also, the four red and green pixels formed adjacent on both 
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sides of the blue and white color pixels formed entirely in the diamond 
shape throughout the two rows can be represented as one dot as shown 
in Table 13 or Table 14. 

[0084] 
[Table 13] 

[0085] 
[Table 14] 

[0086] 

The red and green color pixels (R, G) located on a column adjacent 
to only one side of the blue and white pixels formed entirely in the 
diamond shape throughout the adjacent two pixel rows can be represented 
by rendering technique as shown in Table 15 or Table 16. 

[0087] 
[Table 15] 

[0088] 
[Table 16] 

[0089] 

Alternatively, the green color and red color pixels (G, R) located 
adjacent to only the other side of the blue and white pixels can be 
represented as one dot as shown in Table 17 or Table 18. 

[0090] 
[Table 17] 

[0091] 
[Table 18] 

[0092] 

On the other hand, when the rendering drive method is implemented 
to represent an image at a high resolution through a liquid crystal 
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display having the pentile image arrangement structure of the eighth 
- tenth embodiment of the present invention, an existing algorithm can 
be applied equally. 
[0093] 

[Effect of the Invention] 

According to the embodiment of the present invention, the blue 
color pixel as well as the red and green color pixels are disposed in 
the zigzag fashion and the white color pixels are also disposed in the 
zigzag fashion without being disposed adjacent to each other, any 
vertical line pattern due to aggregation of pixels of a specific color 
is not recognized visibly even if the resolution is not sufficient also. 
Further, the entire brightness can be intensified by driving the white 
color pixels. Because the white color pixels are arranged in the zigzag 
fashion, the brightness in a specific area is not increased but the 
brightness is increased equally throughout a screen. Further, the 
brightness can be adjusted by adjusting the white color pixel to for 
example, white, gray or black. 
[0094] 

Although the preferred embodiments of the present invention have 
been described in detail, the scope of the right of the present invention 
is not restricted to this but diversified modifications and improvements 
by those skilled in the art using the basic principle of the invention 
defined by the scope of claims also belong to the scope of the right. 
As described above, the yellowish image phenomenon at the time of driving 
with four colors can be prevented using the backlight in which the blue 
component is intensified and by forming the cell gaps in the liquid 
crystal display equally, not only the yellowish image phenomenon of the 
white color image and generation of the disclination line (disclination 
line) at a portion having a difference of step can be prevented, but 
also the response speed can be optimized. 
[0095] 

Because generation of the vertical line pattern due to aggregation 
of pixels of a specific color can be blocked when the resolution is not 
sufficient, the image quality of the liquid crystal display is improved. 

[Brief Description of the Drawings] 
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[FIG. 1] FIG. 1 is a sectional view of a liquid crystal display according 
to a first embodiment of the present invention. 

[FIG. 2] FIG. 2 is an arrangement diagram of the color filters of the 
liquid crystal display according to a first embodiment of the present 
invention . 

[FIG. 3] FIG. 3 is an arrangement diagram of the color filters of the 
liquid crystal display according to a second embodiment of the present 
invention . 

[FIG. 4] FIG. 4 is an arrangement diagram of the color filters of the 
liquid crystal display according to a third embodiment of the present 
invention . 

[FIG. 5] FIG. 5 is a graph which compares a light emission spectrum of 
a backlight for use in the first - third embodiment of the present 
invention with that of a conventional one. 

[FIG. 6] FIG. 6 is an arrangement diagram of color filters and black 
matrix of the liquid crystal display according to a fourth embodiment 
of the present invention. 

[FIG. 7] FIG. 7 is a sectional view of the color filter display panel 
for the liquid crystal display according to a fifth embodiment of the 
present invention . 

[FIG. 8] FIG. 8 is a sectional view of the color filter display panel 
for the liquid crystal display according to a sixth embodiment of the 
present invention . 

[FIG. 9] FIG. 9 is a sectional view of the liquid crystal display according 
to a seventh embodiment of the present invention. 

[FIG. 10] FIG. 10 is a response time graph corresponding to cell gaps 
in the liquid crystal display. 

[FIG. 11] FIG. 11 is a drawing showing a pixel arrangement example of 
the liquid crystal display according to an eighth embodiment of the 
present invention. 

[FIG. 12] FIG. 12 is a drawing showing a pixel structure of the thin 
film transistor substrate of the liquid crystal display according to 
an eighth embodiment of the present invention. 

[FIG. 13] FIG. 13 is a sectional view of a thin film transistor substrate 
for the liquid crystal display taken along the line XIII-XIII' in FIG. 
12. 



35 



[FIG. 14] FIG. 14 is an enlarged diagram of the pixel arrangement example 
of the liquid crystal display according to the eighth embodiment of the 
present invention . 

[FIG. 15] FIG. 15 is a drawing showing the pixel arrangement example 
of the liquid crystal display according to a ninth embodiment of the 
present invention. 

[FIG. 16] FIG. 16 is a drawing showing a pixel structure of the thin 
film transistor array substrate of the liquid crystal display according 
to the ninth embodiment of the present invention. 

[FIG. 17] FIG. 17 is a sectional view of the thin film transistor array 
substrate for the liquid crystal display taken along the line XVI I -XVI I' 
in FIG. 16. 

[FIG. 18] FIG. 18 is a drawing showing the pixel arrangement example 
of the liquid crystal display according to a tenth embodiment of the 
present invention . 

[Description of Reference Numerals] 

3: liquid crystal layer 

12: lower polarizer 

13: lower compensation film 

22: upper polarizer 

23: upper compensation film 

95, 97: contact supporting member 

110 : lower substrate 

121: gate line 

123: gate electrode 

125: gate line end portion (pad) 

131: maintenance capacity line 

140: gate insulating layer 

145 : pixel electrode via (connecting portion) 

154 : amorphous silicon layer 

163, 165: ohmic contact 

171, 173, 175, 179: data wiring 

171: data line 

173: source electrode 

175: drain electrode 
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177: maintenance capacitor conductive pattern 

179: data line end portion (pad) 

180: protective layer 

181, 185: contact hole between pixel electrode and drain electrode 

182, 187, 189: contact hole 
190 : pixel electrode 

191 : pixel electrode cutout 

210: upper substrate 

220: black matrix 

230R, 230G, 230B: RGB color filter 

230W: all color transmission filter 

250: overcoat film 

270: reference electrode 

271 : reference electrode cutout 

350: backlight unit 

351: light guide panel 

352 : light source 

FIG. 5 

light emission spectrum 
wavelength 

FIG . 10 

response speed 
cell gap 
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7 -r ;u * - * , ffi ie * tti » 7 < ;u * - ± c PBS: 7- ft t u 3 * p «a t a ma * m st s jb 

6 7 -r * - * m ^ t tk it 3 . 

[0011] 50 
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ncst:^-??, sti ie « be # * % 7 ^ ;u*-i**riE*-A-D- k k * h - % h 

■? EE 7 s - ? 1 . 

* 75. > « 1 aist^ , mi le 1 mw&w. ±i?M& t ft 7 u i mm h =? y y x ? y . bu§e 
sih 7>77 na? v«icFift«ii?*i^iJiii7n uisv> ft ie « a s* ± ic 

ff^7-^l7flulES)lh7>7 , X^>:aSS7-tL7l)ZBlS«ffi^> Ml IE 3H 1 M *i » ^ * ^ ft 

U7U 3s 2lEIilS^ - ftlEjfi2&gilS^±ICff*Jft7ft7B*t7£^^3 7 , 7y7 7 h- 

'>> y 7 7 « 9 7 I- 'J y ?7**it? B*C»J«tll7llZ*, MR&m & 7 

4 n, 9 - * * ft IE £ 7 -r ;i/ 9 - ±10 MIX? ft 7 U 1 * * ■ *i * . ftlE^liMS^ftlE 

*ziejit**<?)iBic3EJiirftTuzj«jivfa^, ft §e 7* v 9 7 k 'jy^z^sst^ 10 

&^QB*^7^©-SMCI3:fltilEl5U It , f 67 < i^-<9l)^ill tff^U 7U5HC 
VlCJ;o7£l£B£-£mj55t , b> »8E#aii*n»f*iEOTl)^Wrft««t»8E£ieH*V 
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m m ± c # * 2 l Jk z* * K t be a c *n * i & m > ittKXi7fa^. m * £ # t 

3ibTffl«)l*aJ*C-3l)T(*|nlU0II75^-tWit*:. £ . HI * « « , tS«y©S5^^fl!?© 
SP^Q" ±IC" 3 * T 3 af , C ft ti!> <5> fiP <£> " 1 ± C " 9)IJ#e«it?S5<, <0 f 

fflicfl&<?>fij##*)ZJ»fceat'. fiJjc, ft?!**!?**?" 1 ± c " ft^tzii 

[0016] 

SI 1 I* * fS be ct> » 1 S^^JC^^JSS^^^S^ISrliEl-^^'K l2l2752EI4tt*?§BE<9 
SI 1 75 1 S5 3 H t6 #J C «fc I ft £ * 51 H S Q ft 7 -r ;U*-EBE|-*ftZ. 

* % Bfl Q 55 1 H ]66 «l C J; I ft £ * m R S tt T HP * m « C ft * « fil U T I ) I ± BP * /Tv * , 10 
T S3 * 3* * * ± SP & ,tv « 9 IB C 3t * ? ft T ft V , Wf 5t 15 ft C E fa 7 ft T I ) Z ft £ * ^ t ^ 
t'*ai3. ±fiP-TfiJ**lS2 2. 1 2, ±8J-TfiP*l«*23. 1 3 , JkZ* K v 5 7 

[0017] 

TSJ*mtti*#7ZS¥0»Ett*e!ititoH#»4*iiT8i£tti 1 0, *t <d ±tzMj%? tii 

H?iHh7> 5 /ZnFT, Ilh7>-77nFTVi8n7S'J, ito^iz 
OSV<?>»«fl«*«!»Jt#i>5ir>Tl>ZB*«tt1 ? OtSt'. C<9»l, ?f 01 h 7 > 7" 7 

nFTttiiisi 9 oc^Ao^-ftZiHift¥«j±tx^y^>rtz. 

Tfi3ft^1 1 OOTlCttTSIiSl 8 V T BP fii 3fc IS 1 2#lil?tl7U?. 20 

t w * « « 1 3tt-Mitt*«7 < ^^*fett-»ttflm«7 < i^t«sr?c 

[0018] 

T SJ * * * 1 ZOTCttAy^niZv h 8 6 0 #Ii7ft7H2. /! v J 7 O 1 
" y h- 3 5 Ott^eairt«ffit?*3Hi3 5 1 £ * * 4& 3 5 2#y7 4#Jft , rft7l)Z. 
CC)!*, *1!5 5 1 #f tt^*tteii±x4i7-> 0. 3 1 ft 0 . 3 4<5i<9lt 

* U , y J* *f 7* 0 . 3 2 # <4 0 . 3 5<5^<Z)fllt*rzafe-?if)I. ? 5*I3:)II$ 
SHilAv?^ h -? 9> o T . - * C A3 U * ft 3 ftM&nmt J ft C it -5. 7 f fe Jft # # 

* < a * ft 7 U 3 . CS>«fc74i*3iti§3*L4ftlCI*3t»3 5 1 #St'*e3!*tt8t-t 

mmna t -ttfti* u . 30 

[0019] 

7 7 7 -? 3 . 

7iSI 4 4 0 ~4 7 OnmQUeatffiUb^tLfeWft^C M 6 2 0-6 5 0 n m <2> ft 
fefttflHtT-ftTt. c c -? , **<5»6*t "t I ue 1" . SHtrftfc*63tt " b 

I u e 1. 0 T ^»tt "t I ue 1. 1 8 " i t J . 

[ 0 0 2 0 ] 

liP$/Tv«!tt^7X5y9S^5lEittS»^5^1»tffi2 1 0 , "t^THlCff^rft 
7117 7 f- 'J y 5 7i?iitS»t Z77y 77 MJ y 2 2 0 , 7'7y 5 7 h 'J y 40 

9X 2 2 0 #£*tIi*cr^t^l7U 31, fN67<*> - (280R, 2 

3 0G, 2 3 0 B) JkU I TO^fett I ZOay<9lBB5HttI#^a^7llZl*I 
ffi 2 7 0 # B 5K 7- ft 7 U 3 . 

C C 7 , 7"7y771- l Jy77 2 2 0 »tlt3iiCttlS, ft . f 7 <f ^ * - (23 
OR- 2 3 0 G , 2 3 0 B) *SftffiC»f)f? tl7 I) I ittCtt*. 19. f&7^ 
^ * - ( 2 3 0 R , 2 3 0 G, 230B) 9 II rat t b 7 II 5 11 t <9^56t ^ 

cc7)B*«6feii* (w) t # v > Av? : 7'rKt(ffe«rzat<?)*TOE«*tia^x,viPi 

[ 0 0 21] 

ft, ft , * ft 7 <f ^ * - ( 2 3 0 R, 2 3 0 G, 230B) * WtiC 7 ft 7 t) 1 ft . ft. It 50 
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£HI*V£]£in*<5i*l*|5|--?*>V, m, m Jk Zf fei £ B % » B £ 'a IC JB -> T MR ft ~? 

sftnsictti?ti7ii i . c<z>n#, seifvtieii^iittigiffieitc)! 
Bi a t ^ -tt tiis: . *feB**»eB*--3<z>iHi«*s'fc/cyin]--?*>z. 

- 75 . felfeB* (W) CH:fi7d^-#8llfell)C, C^BA^-G^^-ir y?#H!(i)e 
[0022] 

±3**^2 1 O0±fflCIS±SJB"««2 8*±IPBafcttZ2#ttB?-*l7UZ. C C 7 , 
± SP * « * 2 3 * UTtt-«lttli«7 4 ^A^-tttt»«7 -f l^tllllC * # 7 3= , 

!fi:j;o7i3;tIi7t <tn. 10 

* fg afl IC * > H < f£&f£]&<9B*t-^<Z>f ; y^ (a^-fcmESUfcBBJB) * 

T * * IB) * 3t » (TfiP^i*«: 1 2) -£ail^Z*s-£" 1" U2. 8 A » * fi © 

3-3<PB*7f i vh'£*^"f3J»fclUIS, §1*91^9 1 / 37$) 'i - 3 7 - 7 < fl> ? 
-CJ;-jTaill#1 /8?Ji3(i)?, -t<?) P y h 9tftll$tt [1/3X1/3 ( 
R ) ] + [1/3X1/3 (G)] + [1/3X1/3 (B)] =1/3 = 33. 3 % >: 
£ I . 

[ 0 0 2 3 ] 

u # u , *^i<5^ii7tt#ii9ia»F yt--T<<)ia<5i/4?fi i J, ti e b m 

0»}ll*>tM"?*)Z©-? (tl6Bii:B:J7-7^*-ff8llfe4l)) - - o <?> h" y f- <£> 20 
Jfl* IS [1/4X1/3 (R) ] + [1/4X1/3 (G) ] + [1/4X1/3 

(B) ] + [1/4X1 (w) ] = i/ 2 = 5o%*£3. z: <>> £ ? c*%mQnmmK 
«fc ti « * v m e B B * m& s c jt ^ t «p s # ® 1 . Bftant ^cBtzcv#*#j. 
£ ^ > ieitvfiei*©ni»t«ei* , « > aei*j: | j;j\r< tz^vc^oTtie 
■ *<5)IAicj: , ;--)<5f ! y h»fi^^ia»«ioir^o;tteit^c>;if7r^. c 

<9 of > £] ffi * (S > A > 1, t£<5*I*CA^7 8iJ^±<5ifl2 t tf^t®?, C ft >4 
G> » 3 0Xfifi<5ii«itf VL7t*aiftt56it 3. * , it fe IS * 

. 8. *H£©^7^9*M©£ltlU^U7A;F«t5&JSse7fo3S>7. ** <0 M A 5BI '> 

9?ftJn7a'>9l«lk, «Uitl**e<bSEft*(fH*L?. »e<bHftVI*B##f»e 30 

fe^& , *t^l:fcrZ£WC*fg8E- ? tS*fe£5^ , ^ < St'*tf!4t 3 A y ? 7 o 

[ 0 0 2 4 ] 

z # , y?»^m«&, ti&mnw j at tnbwcm j into? 1st j . c 

<Z> <fc ? £ ;* ^ , A y 7 7 4" K©*C*£###£<S*:f1,ZC*C«fc^7£l£B*#iJill 

m 1 H 566 fl"J 7 IS * « 1, *AC*£lfiB*»45C)B-3T«iRCll«;iRUTHtL?J:7CE« 
Tft7 II Z . U#U, Cfti$B*©iEBlS**«*P#°r«g WT7ISCS>S:?& 40 

*3R9«t* 2 jsl v> m 3 x it m 7 m * r i . 

[ 0 0 2 5 ] 

^3IS*%BBcpS 2 IS ^ $J IC <£ 3 ^ b b b ^ ;Tv ffi <9 £ 7 4 ^?-(5KI0?»I . 
2fi3 J"J<5B*7 h 'Jy 9 7*-->9P y ht^fKt U?CU, * - ft C IS * , * , » 
fe B * t Ml C IE ffi L . £ .z. ft C IS id . £l , AfeBBtMHBJICffiBtZ. 
H4IS*€B§<?)* 3HSS0 l JC«fcZ5fta*mi$ff<Z>&7 a *?-9i:iB?JiZ. 
[ 0 0 2 6 ] 

»3^^aiSffeffl*©t-^7"7>"ffiAr+l, fifeH*0)^-^7"»«l'>^tL^C nSStU7 
IS«2^^fl l JV[BlLJieS^iit*tI. tlfeB?S<?)»SlS*« H . *B*Cik^T8«J*l 
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■j a e \t m tt © fi js t M '> 7 tt i c v a* -? 5= i . 

H 6 tt * € Bfl <D * 4 H Mfl C J; I » £ * m ft S <Z) 6 7 * ;U * - * 7" 7 v 7 Y h 'J y 5 X © 
E S H "? ^ 3 . 
[ 0 0 2 7 ] 

* 4 x n ®\ tt m 2 ibi d itEit UTfru > fifiitii(577y 9 y k u y 9 

X (BM) <P«##©aJtflCJt^7«3R7ftfcA#tt«?*)3. Ctlttfefeffl*ICfe7< 
^^-t^JSKUSUfedftlca < So*,K£C«fcoTJ!EJlZI5Hlttt C t* -r 7 7 V * - 7 3 7 

* y 4 y ) ~t M ~& &h ~& fa 2 . 

7* 7 y 7 T h U y ?X-?*t>TUZ#s Ji*.T<?)3lltefi!|-?l3:tlfeB*<?)C^^r y?tl<9 

mn*)<®-ct 2 fifeti&mT 2 . 

[ 0 0 2 8 ] 

ei 7 tt * % m (o m 5 x m m iu & 2 js * at ft s n e 7 < ;u * - at « © kit do h -? *> 3 . 

*5fllfc0JlCJ;Z&7<;i/*-*mttl*»ffl**eiltS*Zl 0 * , lilt 2 1 0 <9 T ffl 
Ci5)?tft7l)I77y?TMJv77 2 20 V, 7? y 5 T MJ v 97 2 2 0 
?i*C^ICPSi:?tL7l) Z*. H , n , 4eil<5l«e7<)H - (2 3 OR, 2 3 
OG, 2 3 0 B , 2 3 0 W) V, :ft^7<i^ - ( 2 3 0 R, 2 3 OG, 2 3 0 B, 
230W) ®TBCiRS^tL7l) I-I2 B 0 * - A - □ - h I 2 5 0 

©THlC^SSfr^lTl)I*2P«tt2 7 0 VSy-?*BS?^^TUZ. 20 
[ 0 0 2 ?] 

- (2 3 0W) t»«L73y < C^C.fc'JSt'iJf itSSilfeC V7if)7. ±&M^l7 

* )l 9 - (2 3 0W) H7fti«5t«It«lb, e*t^jnU«U«*ffJt*ffl 
t3<5»»* U Do ft fi 7 -r A* * - 2 3 0 R IU tt # g ffi ^ S * tl 7 t ) Z * 7 -f 9 

- t . S67 - 2 8 0 GCtt8£»SH#S*ft7li?*»»7 ^ly-t, * 6 7 
4 )l 9 - 2 3 0 BCI**e«3ft;fcfra**lTl)7*a*»to7 -f )^-t«ltZ. - A - □ 

-hi 2 5 0 9flfiH7tt> £ieosi*<?>£e»jfl7<r^?- (2 3 ow) * - w k -? 

[ 0 0 3 0 ] 30 

C®J:"yc£&»iil7-fJI/*- ( 2 3 0W) t ?0 1 U 7® ifS t R i t ft I* , XAtf 

B**I<Pf iftC"3l)7H 1 0 t#»U7lftftC*itI. 

0 1 0 ttllt/Tv^l^CiU'f y 7- C J: IB§ifl7777*? . 

Ba 1 Of?) "on" tt, ii^^ffi^ttffl^ffi^^^ic^s^epAoT-ftZBSPBi^^v^Bt^ ( b 

1 ol g k 77 ^ W k it-eiclK«^tiI*ia<9«lfi*ia) , "Off" ttffl£^*£V?4;il^ 
*EVj©IBC^anrftTl)*.*ff»f|»SrtlI#ia©B??i*ia ( W k iteff^B I ac k 
C t£ * 7 tl 3 m <5> Jt» 9 ■* IB ) , " 0 n + 0 f f " tt "On" Y "Off" <D B I? ■* IB <S> 
^st7J)L I 1 0CSH7UUK, S of IB tt C Jl> =F -V y 7 * *t AD t 3 C V IC <fe 40 
■3 7 I ^ U ICH'> ( B ^ 31 JS 77" 31 < £ Z ) L7, I + ^fiJlff y7#»8. 7 U(n7J) 
2"»CilMtSU. 3. 7uhntfi7:7t;i,=i ? fy7*7;3 : <5ftffS^^JiD71. U 

77" o 7 , CAtf v7t8. 7 LI m & £ IC ax ft t 3 <9 77" ft * U II . U 77 U . T3 £ B * IC 
e7^^^-#f*u»eiCtt^;i/+'-ry7#fl!!<2)IB*lcJt^T1. 5 ~ 1 . 6umfMJI7; 

[ 0 0 31] 

0 8 tt * % m <d m 6 nm m v £ 2 m & z< m w m & 7 4 ;u^-*^soBrniH-pih?. 

*6Hltefi!IC«fcI5fia*^i^ilfflfe7 < >»U^-*7Tvt5-?tttlfeil*Q-t2^^-f y7t«l 
CtJfe«)Cfll*-A-D-hiZ50t*ItZ. 67<Jl> - (23 OR, 230 
G, 230B) ta?•^-7K-□-hll250t + ^IUl?<ffm , fZU^IU^'jeifell^ 50 



(10) 
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a. SBB^s^itigttib, e * t * ao u * u t « m t 2 <z> $ u u . 

[ 0 0 3 2] 

C <9 J: 7 ICt til* , *5**fl!lCit-^T±eaifl7-f^^ - (2 3 0W) t»«tUfi 
El 9 He * fg be © $ 7 X ft $J c «*: I 5fiS*a*ISiI®BlrlIB7*ft 3 . 

lh =7 7 7 7 ^*^«<PftailtlC^ai8PtP3aLrT£ieiffll*<?)-t2^=t i, r »?tfl-CtI 
[ 0 0 3 3 ] 

tr , 6 7 ^ J^-tSfiii^^xsy^i^sigliS^^^ ±«PSfi2 1 o -* 

®TIBC»fl:?ft7ll77 f- U v 7 7i7llttltl7'7 y 9 Y h 'J y 5 7 2 2 0 V 
, 77v 7Y h 'J y ?X 2 2 0 »J8t ? it Cl!f 7tL7 II Z I , ft , * fe <9 ft 7 A h 
? - ( 2 3 0 R , 2 3 OG- 2 S 0 B ) ^ 6 7 - ( 2 3 0 R , 2 3 0 G, 230 

B ) tio7l)U-A-D-hl 2 5 0 ^ IT0tfettIZ0Sy<5SB|§|ilI 
# ^ 51 -> 7 » «; . t7J M S3 2 7 1 •£*T3S*PM2 7 0 V»fJBE!e7*l7l)Z. 
[ 0 0 3 4 ] 

77y5YMJy!7 X 2 2 0 #titIiiCttft, ft , H & 7 4 J\, 9 - (23 
OR, 2 3 0 G , 2 3 0 B)#,RfcttCBJfcT:lt7l)Z#, B**CI*ifc,fi.il&7<f 
)l 9 - (2 3 OR, 23 OG, 230B) 9 U f tl 1 t IK I 7 11 5 H t <i) »ft ft I ^. 
C<9B3ltt£lfeB£ (W) V * , R v ? ^ 4 \~ tfftmt 2 %<D±-Z VlX-fr^ L^n 

&romw l mm? v 2 . & (w) c&e7^i,?-*siifedJ)icc(5i*ttH 
BP •£ * -f . 

icifi;n7iuiih7> : /7n, n i- 7>77 ^1^7^7117 1 t 0 ^ i 

Z O 4S y 0 a Bfl ss 9 « % K # 15 S o "7 I) 2 B * « ffi 1 ? 0 HSt'. C <Z> of , If BM h ^ 7 
! /X?UB*li1 9 0 IC *P ;t)Q 7" 11 3 B #M ^- ^ ff t 7 ^ y T 7 7 n. B « ^ ffi 1 7 0 
tttTJfflSPI 9 1 t * t 2 . 
[ 0 0 3 5 ] 

<fc <J A ft A3 IC , ilSfi 1 1 0±CJ»iK*tL7l)Z>r-hBtt1 23^, 7"-hlfi1 
2 3 tlo7ll - hIEil 1 40^, tr- h mam 1 4 0 ± IU ff* 5X' 7ft7U?#SS 
7 'J □ 7 1 1 54^, # I. K 7 y □ y m 1 HlCr^T^TUZIItSflil 6 3, 

1 6 5 y, & m « g tt 1 1 63, 1 6 5 ±<cwim? wi u 2 v - xmm 1 us ^ k u - 

7 * ffi 1 75V, y-Xlffil 7 3U^->lfi1 7 5tio7UZ«ll1 80V, 
fit & K 1 8 0#*t3SttJL 1 8 1 tIl s 7FI/->lfi1 7 5 ^ I^7H7 II I ill 
tt 1 9 0Sy7Mlh7>77 5Sf^#i^7ftl. C <Z> of , I2I /Tv U 7 I* U £ U # , 7' 

- k » a 1 z 3 ^iatti7ii7ifi*§te*txir-nvy-7iiii 73^11 
r ti 7 # , iii§tfejit^7'-9ltr^7ft7n^ 

[ 0 0 3 6 ] 

ftfii 8 0H:tieB*c^^riii«^>4^ai7-ft7£ia3tsr. c 0 ? ic 

67 -f ;^-tfvt©Hi>:Slih7>-/7^^fst<!)i!i»#«lSt^Vi:J:o7tie 

9t«ii7?Siyf >7iitfi?. o * u , y-xifii 7 nh'i/->?si 7 

51C#1M1 8 0t«ll, ft H 81 1 8 0 CSffliL 1 8 1 tlKtlsf, *Y77Bf 

& fit JL 1 8 1 fiP ^ IC, ¥»jfl«jtfl*}£ttJl1 8 1 *£ifeH*tl»UfcfiJ#C, * 3 Bfl ,| 
M £) B Hi SP t> C # ^ W fl& T I <fc 7 CEIt I . J-C*Y7v7tllU7* iffi 

1 8 0±<9Jg#fflttB3t£Z*H**:fll3:, » tt »L 1 8 1 I>" J* 7 ft 3 M 7 tt M ft II 7>" ± 
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^ <d to <Dmfr^tem%m» ft^ & <d -m% v & ro # j . z o & 

ttwr<&>-»£it#»oTuzrt*iiaj#"£RS*-z. c<9 j; ? cttitt, £ £ a * w ^ 

[ 0 0 3 7 ] 

5«bhh is, *m&mm&z*^mwmm-z lit j z 7 ^ mmb -z m\,)B%- Yni)BK 10 

i?CIyf >7tnS#?JffltilI. ^ <9 + "? « * fit) S t <9 # H. K 5/ U □ > 1 > te 
Ktt8ttSil&7-5iISt-T0l*I;^->t?Jfflb7Iy f>7t I4t*Y 

79iS7»j. IS, ^-hiStA^-zyrtztci o, u □ > £ 

fiflt*t»*StA*-Z>^r3"*C1ia. 7" - 9 E tt t A * - Z > 7 * 3 i* C 1 0 > # 

Sit it^-:>7 t?*cii, i*ifiti^-:>7tl^i: 1 0 * , isiq? 

*Ivf>7Ii#fiin7l)7, :tlt5R*YX?ItVl)7», 4«*7X7I 
Stt^Sl^JD^l, fittttJI«IJ59f-nilt1 ft<9*7Z?JSi)tttfflb7 
^^CA^-:>7tZ C^C^'JiYX?!!! 1 ftaUfefe<975)Z. C <Z> if ^ , 7" 

-^E»va«:ft»itl/c^->»f*K«icigD¥iii«««t*o. ^ & » ; y u □ > 1 1 20 
y -r > * ^ » t tt l) » * ? 1* t* - * e» v * Jt « c ibi d ¥ n « * « t * . 

[ 0 0 3 8 ] 

1>A±(D <fc ? £ « it Q M M K =7 > V X * * m * ^ £ 7 -f i^-ifvittti^fttb7S^ 
L . ^QlCSffl^StSAb TSTSIEf&17"'tt+Ltt'> * % H C J: I ft £ * m It S <0 £ * % 
ft # * J* 7 tl Z . B * * ffi 1 9 0 <9 tTJ H BP 1 9 1 *S^^ffi27 0<Z>t7JgfjfiP2 7 1 IU <£ o 
7 II * « « I* til®. <0 A\ P * 4 y C ^ M t Xl > * ;J\ h" * >f > i: <9 W SP C § * ti 7 U 3 ft 1, 
*^f«^lC<i;^T«<^l^llC<J;oT4^0amlC^tt^^^Z. tTJ H gp 1 9 1 . 2 7 1 a £ I ) 

ffl i? ft t tt ^ *l (U) c r z . 

J-X ± <0 ? C , *fi*^iSas>-G^=Fry7-t*S-Ci&J«*4ll#, £l£B*©tt£^baft 
tl^±U>ftli^^^SQ i !i(ivS : 3$St*7i^1-ZC>:^-??=Z. 30 
[ 0 0 3 9 ] 

-75, *fiB*(?-JiJEiCJ;?ilA*-><i)lliatl»±tJfettC»8 71i8l 0* 

* % be <z> ss 8 m m m c <*; 3 ft n * ^ k s c i* h 1 1 <o «t 7 c . ^>NAYMJyni 
f £ . » e © Bi * c r , b , g ) # e ?y * xi 7 ft . * *. , & £ n * ( w ) # 

S6i* ( B ) C»«UTEWrftTl)Z. 

ft 75 ft C He ft £ . * . & , IS > £ . H £ Q B m (R, B . G , R , W . G ) »I3!Cl?i 
711711?. 1b7, - -3 <9 ?'J 75 |q| IC I* f > fifeB* ( • ■ B , W , ••) tfXlCSi7ft 
7 ft V > C © * , tl 6 B * 9U <Z> iff IC H: Ht £ II * £ &f 31 £ B * ( - ■ R > G ■ ■ ) #X3.C E 40 
I7I17H 3 #R > SifeB^^y^ES^ftTUZ. C © ■* . £UCBf»tI^o©fi-?|B|- 

wcE«^tL*.*eB* (B) (w) tt*U7, «n»smcftejK» 

B £ B (R, G) £ J fCKW.? til . 

[ 0 0 4 0 ] 

o * U , - -3 <D m * ft "? , # £ . f £ . »6*)f*a!CE5UrtLl»1B*SHlt(R, B . 
G ) * . ft £ . tl £ , M £ » m X Q E 9'J 7 tl 1 S £ B * HAT C R > W . G ) ffXSIClI 
7 tL 7 ft 'J > C9llficiSbfel*fi?Bi6, £ £ , ft £ ^ « K IC E W 7 Xl 1 38 3 
B * m fit ( G . W . R ) y , m £ . It £ . #fi»f*»i:E?!irft7»4B*Hl (G, B 
- R) #SiCEI?tL7ll J. 

UU7ttiiB|9f l<7)feii)i:iit« 1 73SS4I*SfltCE*b7^^b7fil)2», 50 
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C <D J; ? #m 1 75S»4B*IHlt»fB#*^IC»l)T--><Pl i y h t*^t Z t <i) 

[ 0 0 41] 

C<9J;"ycK»Ufc--3<9n*fi?!6lJ£e*35 2B*3!flt, ^bT, $3£^954B*m 
ffl#££lcEa7-ftZB**Jfc#-T<9H*47mffl?Ea7-ftZ. 

u^#*ot> Bisufe^-j©B*47©i5i-5yiciits^*ii iei*Ji&fiei«?t«[: 

# ft . MS® 4 -5 © B 35 ( R « G) R^ft«^|qlC«-'«f*iHp]rid;7CBEartl3. 

flj X Iff , B«0*.-^<PB*fi<2)|5|-J!JlCfltiir^3*eB* (B) ^ Z# £i fe B * (W) 

t * ;R IC * g . !$£©4^©fi£ ( R « G) l)fiit)i«SliOC*^«fil t ? J:? CEI U *, 

C yl-T^lliS); l) 7 1 . CQ£7SH*«J!^ftBfl£&#J£lqllCM3!ICE? l J? 10 

ft, - -3<9B*««©WByiC*6JSL&ftlfeB*<?)ffl:aB« (±T) * $ ft 3 . *J^,ff, - 

^©B**«WClEa^ft^ i tft J i'ft<?)B*««-?*eB*ifffei6B*©±CiEarftft 

tar . mmi&mmmMm®^h^'tiQmmm.M^&&&mmw^&mm(D±cwim.?tij 

o 

[ 0 0 4 2] 

? sftictoi, * fg © ss 8 n m m ic <fc i m & * m k a ic # it i % e - * e js. 
e* ft e b * i* m m u - -5 0 m m ft <o * -? ; y 7 u« 7 b ic e a * ft . s e b * e * . y 
7 f 7 w m ic e a t ft 1 . 
ic . hu ie © a * e a « 3t t # r 3 * fe e © 8 % m m ic j; 3 jfi 1. * m n a © a h k 5 > 

V X * * *B © M & IC -3 U T 121 1 2 & » E 1 3 t#SRL 7t HCSffflCiliflSt 3 . 20 
11 2t^C^cfc?5B*Kat*t^*f6B3©»8S]5g^JCJ;?)ta 1 */Tv^a<P»^h^ 
>^"Z?S^©A-l*ft) ; KB^EaS|-?;fr , >l, SI 1 3 ft SI 1 2 7X1 I I-XI I I ' tt IC 

;3 o t to o t ^ u k. m B a B * m is a s » n k ^ > ^ z 9 s « © » m si -? & 1 . 

[ 0 0 4 3 ] 

SI 1 Z IC m t J; 7 IC > *«E<9»85*W«ICJ;Z*?>*>r^*Jfc<9B*E5yt**-Z5SSi 

* /Tv 5 ? , ft 75 !□] IC I* * , 16, 16, * fi , 66, H fe © fi * (R, B , G , R 

. w . g ) ■» m ic e w 7- ft t 1 ) 1 . * , - -3 © w ^ ft ic 1* * e . & fe a * c • • b , w 
. • • ) » x s ic e a r ti t # . c © * e . s e b * w © m ai ic i* # e ■ * J5. & m e n * 
( • • r . g • • ) 3< a ic e a ?■ ft t 1 1 1 * 6 . a6Bifl#ntii7iii. 

C©of, SI 1 ZlC/TvU^cfe^lC, ^^|6]ICft*a'fB^-*feft7'-K-K^-tfeatI7'-K 30 

m ( t kti^&^^-m) 1 2i*B*©fi^iP]ic i tft i t"ft0B*ffictituT--)r-)r^ 

7" ft 1 ft , ?y^l^]IC(3:T*-•yffi^•tfeJlU7 , - HI 1 2 1 Ulb7lM*^it 
17-^1 7 1 - h » 1 2 1 ^lUTll ( • • R , B, G , W, R > B • • ) M 

ictt^-K^i 2 1 v « «a 7- ft t u 1 r - v mm 1 n);, t* - * 1 7 1 ^i«stti7 
u 1 v - z m 11 1 7 - i-^ffii 2 s ic ^ u 7 y - x 1 ti 1 7 3 * ito ai ic m m t 

ft t u 1 h" u - y mm 1 7 5S&fffti 1 54tat-!iih7>-y^#»jstft7fi 

U , i tftTft©B*ICttMI9SK7>^■Z5'tMbT7 , -KS1 MiJ^f-^ll 7 1 V 
^Mffl IC»«S 7 ft T I) 3 B*^S 1 ? 0 ffPEJTT-ftT U 3 . 

[ 0 0 4 4 ] 40 

£ , 7 - K m. 1 2 1*^ttCft^[a]-ST-ff^7ft^*tJI^SraE^IC^lRlL-7, It « 
eat»35K^?»JtB«Hffl*«#A^->1 7 7#IHI5 1 ? 0 CSItil7f«t 

ftTft 1 ;, tt»»*»ffl**#A*->i 7 7 i* !r - h « 1 2 1 li:ff^tti73?v , m 
fit JL 1 8 7tll'7i*lffi1 9 0^31«S7ft3. ir - Hi 2 1T-Itif§^^ffl^^ff 
A 9 - y 1 7 7«f3RS?7-ftTU3»*©'liH: + *«»Jfai»tflt«t3fe4J)IC3lt^»«» 
fflf lftA?-> 1 7 7»I^tfl.TU5U»t(?)iJ; l iJA<f«ttL7lU. 
[ 0 0 4 5 ] 

n ic , 7" - 9 e n (T'-'y^i 71. v - xmm-\ 73, h* u - y m m 1 75, t- 9 n 

IS S3 C A y h" ) 1 7 9©^ffv) ttK^>^"Z-$'^^5hSP[Slg&ICiS^7ftTl)I. B**ffi 

1 ?0#i5F^>itt1 75>&^^ttfS^§sffi^«fty^'5'->1 7 7Ci«tIfeiD<P 50 
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tt Hfc »l 1 85 ( * I* 1 8 1) &&m!&}l 1 87 (HI Z -\ 3 # 9K ) # ft §1 H 1 8 

0 C»attl7 3y 'J , jL tH J ?ll</>7*-"$'3lM 7 1 <£> IS 8P 1 7 9l*&»IBlKV0ii«0fcib 
Ci«fKa?tl7l)Z. C<?)J:?^%a-? : &B*? l Jl3:T"--?^1 7 1 IC*fii7il7UZ7* 
- * A v h , t»l>Tft*BI#'!t¥<ZHn)!tSi.tZ. 

[ 0 0 4 6 ] 

jfi a * a* n z v % m h 7 > y x * s « © » a ic -> i ) t j; * ft « c ft w ti b? , &e it » ® 

1 1 0 IC!/'- hSS»i«rtL7l)3. ^ - h BE JR I* , Bfc^ftfilqllC^tl^ft^B* 
Z5^-hiSl 2 3 & Z# fflk BP 1 Z50»8?J)77, «m SP 1 2 5 He ?h BP H ffi v © ll£ 

i5fe!J)ci^E3irn7uz. 10 

5 « 1 1 0 ± ic -7" - \- W.Wi.!kZ/T - h #g & BI 1 4 0 2* M ff*^ 7 H , Mlb5~<(f& (s i 

NX) #y#<4S3y-S*g*t]§*1 40#^-hEtt«->7H?. 
[ 0 0 4 7 ] 

T ~ V m m 1 2 3<9^-l-MflIl 4 Olf i:iS^ B a a Ky 'J ^5 Z¥ 

I#i1 5 4 # m IC P Jft 7 ft 7 ft <J , ¥ * ft ^ 1 54©±SPICtt-> i ;^-'l'h"*fettnl! 

^*6»*aaifi-? K" - e ^77^711 1 n + ?k * <b # a Jt 5/ u 

ffitMSMll 6 3, 1 6 5##*»SK?-*lTl)Z. C4l):ttl5^7, flftll 54 
*7-^Sl 7 1 5)l«Ci , S^7l^niun7H. 

6 tfi If tt S 1 6 3, 1 6 5& »^-KSieiltKl40±CI*^-*BEJB^^J«7:|lTl)Z 

. 7* - * E & IS , 2 1 V^*UH*^^M-rZJ;?C5iJ^lqlCff^53c7-tl^7 IJ '- 20 

^ 1ft 1 7 1 * , 7* - * IBM 7 1 <£> A BP "7? & 'J , SlttKMi 1 639llt79&7HJ 

y - x * a 1 7 n, t* - * a 1 7i©-iic*isrtLTi)T**#>5©B***<?>^a] 

tSi)I7-?Av K 1 7 n, y - X « ffi 1 7 8^K?ft7U77-hlfi1 23 IC 

«U7y-xisi 7 3 © s *h»j & m *t & it s 1 6 5i«Pcff«Tii7iiu^->ifi 

1 7 6 HSt 1 . 
[ 0 0 4 8 ] 

7 - •$'ESS6fCftCititl7ll5U¥f fti 1 5 4 ± BP C ft §1 BI 1 8 0^^S3t7tlT 
IIS. ft n m 1 8 0 Ctt h" l/->lfS1 75J£C*7™-'9]H©*»fK3RrftfeBaJ1 7 9 t 
*^BHltI«Hl?Ll 85, 1 8 9 I*** 7 41 7 ft <) , !r-nie*Bl40*#ICdr-h 
«<5**K3Rr*l*.ffliBP1 2 5tBffl-rZS)lEtJLl 8 2#»SK?-*L7UZ. 30 
ft H H 1 8 0 ± C If 8t Jl 1 85 ( * 1 81) tlb7^->ifi1 7 5^1Ifi 

IU M So 7 tl 7 ft ') , ItWlUf It^itlfel ? 0 tfr^7ft7l) I . * *L , ft Ml H 1 

8 0 ± IC t* If 84 Jl 1 8 2, 1 8 ? tll)7*^y - hi<9JSUi 1 2 5£^'7"-7^o>JffiSP 
1 7 9 Xl«S71l7U I 8ttIKlSi« 9 5, 9 7 ^1ffi7tl7U7. 

[ 0 0 4 9 ] 

:C7, B £ ^ ffi 1 9 o I* El 1 2 £ c# H 1 3 ic w U «fe 7 ic , ir - Hft 1 21 * M £ ^ 7 
»ttS*KtSU,»ftS*#*JEUfe»ftlCI*^-KEEIft121, 1 25, 1 2 8 * H 

-icittiSEflfliiEiitfcjtnrzcvfc-?**. 

( flj l# , 77 7 ^ y ?SJ*i) 7>i4^«7^ZR, G, Bf-^^W ( W k ite) 40 
f-niSL, CtLC*^U7fi*J«U*.R, G, B, Wf-? C<to7^tlTt<5l 
* -£ 7 t± 3 . 

[ 0 0 5 0 ] 

U^t^oT, Bf»Ufe--3<5B*<7-?|5|-? l JlCffiiS7ttI*eB* ( B ) £ £ B £ ( 
W ) t + * C , *«SfflC^iJCiSU7r^7ft^4o<5*e ( R ) S^l&lt ( G 
) t--3(5Bti«C9*tfeh' y htTE*1 £ 7i 13; * 2 , 

[ 0 0 51] 
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[ 0 0 5 3 ] 

£ , U y V V y T (lender in?) &ftt*fllOTl»JfUfe--3<?>IH*fiicd ! iri) 
7B-HCllit?*eil (B) fe H £ (W) tt?ffiIVU7-55®«®«9 

*ICftfe£&f»en* (R, G) ti«eit7--)<?( i y htTiE*3*feR*4<5J; 

[ 0 0 5 4 ] 
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[ 0 0 5 5 ] 
[* 4 ] 
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[ 0 0 5 6 ] 

untt, lean (B) & £ £ n * (w) t*jpttivu7ft*<!)ii®?'j(5frcae 

& Z* * fe n * CG, R) tiSKiU?--)®! 5 vl-tTiE*5*fett*6(5J:7C*fv 

[ 0 0 5 7 ] 
[* 5 ] 
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[ 0 0 5 8 ] 
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feW£B« (B) ^2>tl£B« (W) l*&*E72#ft;5fS]*¥ftlCff^7ft3Zft^tt# 30 
14 S U . I2I 1 5©J:?ICJi;3a#f£UIC^BrtLlJ:?ICEa7ft7--5©5JRttt«-r. 

cftl3;-^9B*fi^S^7*55^ , 7ftfe-^9M^#f7£faic#ffi7ft7i)3Micjl;*, 
3 . 

? Slitt®! & ( B , W) 9 4 ffl IC IS £ , ft£94^<Z> 

B* ( R , G) tf**flafimc*«*9liOUTE«3-tlTUZ. C <9 1 , " "3 9 ^ £ B * ( 
R) ^f£^J>fi£B^ ( B , W) tt*C^^H^|D|ICSUIC^Hq|-rZJ;7ICE®7ft 
. "o9ft£B« (G) tSe^&fieil (B, W) ttJBciiftlSfilCill 

CWfilt ? i^CEitil?. 
[ 0 0 6 2] 

u o 7 . *95U*fiy?e*fe. Sfejj^i&iittiibfen^iifi-fy^fy 40 
P IS ic E S 7 ft Co*';. IS] - £ 9 B * t * & t 1 H iff ^ 7 f ic s Z ) . ti £ B * t * 

. v 9" 9* Wi m IC E S 7 ft 1 . 
* *l . «8S^B>;[51-IC, M«U^--3<PB*<Tq)|B|-5Ucflt»rtiZlteB* ( B ) 
£Cx'£)£B£ (W) t + ;B IC # £ , ft£94o9B« ( R , G) *»-"^S^^r&llC=&^^|fil 

^ IpI IC M iR IC E n 7 ft > --3©B*««WB!lClteja&ftieB*<?>flt«ZrX£Citft^ . 
[ 0 0 6 3 ] 

^ IC , 8u IE 9 B * E ffi * it 7 * t Z * f§ BE 9 95 9 n ft #1 IC «fc Z )S B B a * m R S 9 » K h 7 > 

-7Z^t«<<)t)llCTl)701 6 £ & El 1 7 7 # K U 7 7 >5 IC S ffl IC BE t I . 

B 1 6ttU9J;;5ifEItttI$fB3(i)*?SlSfflCJ;3!ll,?</TvIi(i)iIh7 50 
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yyz9%w.cr>&&te#mifi;m,w.®-?>$) , )< m 1 71*01 e?xvi i-xvi 1 ' He 

[ 0 0 6 4 ] 

* % w <d m 9 n m m c £ 1 m £ * & ft s <d n m h =7 y y x *? s *s -? 1* m 1 5 c a* ? ti ^ 

7 IC . ffSfaCBAg, * fi , ft £ > ft £ , £1 fi , ( R « B < G > R > W , G 

) ijfiacBj"j?iL7iii. ^it, - -3 <d m 15 ni c a * £ . & £ n * ( • • b , w . • • ) 

» £ S. C E ■ ? ti t fir 'J « C <9 * £ . £ £ ■ * W <9 ffi IH'J IC I* ft £ D * £ c* 31 £ B * ( ■ ■ R 

. G ■ • ) £ £ IC E S 7" ft T U 3 ft £ , ft £ B * ?!) » E ffi 7" tL T I ) 3 . 

C <Z> # < EM 6 <D ? c . 45£fillCI*«-ll*filCjEfi<fS^- ( 4r - t- * * ) t e it T Z *r - 

hi c * a # ^ a ) 1 z 1 »f^iiYft(5i*fic*JU7--5r-)^jRrii7ii ? . cqi 10 

«t?ZT9i«fiCS^ia?4l7^ - H1 2 1 ttftBfcfi^Blfct + JftCttlqltZ 
<t7CEi?ft7Ul. 
[ 0 0 6 5 ] 

mid to cttBUflcf 1 - * * * t e it r 3 t* - * & 1 7 1 »^-h^i 21 * *e * ? ti t 
x^u^7>"^ii^ uiio tomm ■ r . b , g . r , w , g , ••) <o w £ i°i c a* u t «• * m 

- h » 1 21 7 1 SfJtit KSi 21 y m m t *i 
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